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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


THe Ong Hunprep Turrty-NintH GENERAL MEETING 
of the Institution of Petroleum Technologists was held at the 
Royal Society of Arts, John Street, Adelphi, on Tuesday, 
December 8th, 1931, Mr. J. Kewley, M.A., F.I.C., F.C.S., President, 
occupying the Chair. 

The Secretary read the list of candidates nominated for 
election, and the following list of members elected :— 


As Members.—Thomas Clarence Baker, J. A. Benkers, Samuel C. Carney, 
Leonard Hubert Cooper, Cedric Bernard Dicksee, James Lonsdale Harris, 
Horace Cyril Benjamin Hickling, John Cyril Jennings, Howard Percy Jones, 
Earl Alphonso Kodyen, Albert Parsons Sachs, Cornelius Stribling Snodgrass, 
Francis Ernest Wellings, John Wilson. 

As Transference to Members.—Bernard George Banks, Almon Lee Beall, 
Arthur Riley Bowen, Sydney Jahn Fortescue, Charles Reginald Young. 

As Associated Members.—Charles Arthur Andrews, David Robert Fyfe, 
William Hurst, Hugh Keith, Richard Nisbet, Frederick Reynolds Pacey, 
Douglas Redding, Geoffrey Sargent, Harry Woodfield. 

As Transference to Associate Members.—Sydney William Cooke, Frederick 
George Fortescue, Percival George Higgs, John Macdonald, Daniel George 
Pidgeon, Cyril Bloomfield Roach, William Cyril Webber, Victor James 
Wilmoth. 

As Students.—Standley Ernest Blackstone, Alan French, Walter Ronald 
Lewis, Alfred Wilson. 

As Transfer to Student (from Associate).—Paul Pewsner. 


The following paper was then read :— 


The Geology of Zante and its Ancient Oilfield. 


By Arruur Wang, D.Sc., A.R.C.Sc., F.G.8., M.Inst.M.M., etc. 
(Member). 


I. 


In its ancestry this paper goes back nearly 2500 years. Its 
subject has been touched upon by a long line of illustrious authors 
from Herodotus to our first President, Sir Boverton Redwood. 


Few of these writers seem to have paid more than a brief visit to 
B 
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the Island, and though all are interested in its ancient occurrence 
of bitumen their studies in this direction are, for the most part, 
superficial. No adequate account of the geology of the Island, 
based upon paleontological determination, has yet been published, 
and such accounts as exist are conflicting and somewhat confusing. 
It is hoped that an orderly impression of the geological conditions 
existing on Zante will be conveyed by the present paper. In so 
far as it deals with the details of geological divisions and sequences 
it is provisional to some extent. This work must depend upon the 
determination and correlation of the fossil contents of the exposed 
strata. While the author has made extensive collections with 
this object in view, some time must elapse before such work is 
completed, and it is hoped that the results may be embodied in 
some future paper. 


II. Historica. 


The references made by Herodotus and Pliny to the occurrence 
of “ pitch” on the Island of Zante have already been given in a 
paper published by this Institution** and need not be quoted again. 
Sir Boverton Redwood, in a brief visit to Zante, journeyed to the 
well which is, according to local tradition, the ancient well of 
Herodotus. The similarity of his description®»2 to that 
given by Herodotus is striking and shows that little change has 
taken place during the long intervening years. Greater change, 
in one respect, has taken place in the comparatively few years 
which have elapsed since his visit for, armed with one of the 
implements of twentieth century civilisation—dynamite—and a 
desire to increase production, some modern Greek destroyed the 
old pit without achieving his object. 

Sir Boverton Redwood also refers to other occurrences of oil on 
Zante and criticises the conclusion arrived at by some earlier 
geologists, that the most important seepages occur in beds of 
Pliocene age, whereas he had formed the opinion that the beds are 
either Oligocene or early Miocene. That view is confirmed in the 
present paper®*: 136), 


The Island is situated in a belt of intense seismic activity, and 
Issel, who especially investigated the area from a seismic point of 
view, showed that a centre of disturbance from which seismic 
waves had passed along certain radiating lines was situated under 
the sea at no great distance to the 8S. Based on these seismic 
phenomena, some writers have put forward the thesis that the 
emanations of petroleum in Southern Zante were the result of 
vulcanism*.* 1, and that the great semi-circular bay, a typical 
example of the results of depression and erosion, which characterises 
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the southern coast of the Island, was the outer rim of a submerged 
voleano.2* The only evidence which exists in support of this is 


the fact that pieces of volcanic material are occasionally found on - 


these shores. These, as Issel has already observed, are more 
likely to be waifs from the active volcanic areas which exist in the 
Mediterranean. 

Ill. Topoerarny. 


Zante is the most southern of the Ionian Islands. It lies some: 
12 miles distant from the western coasts of the Morea, almost on 
the axis of the arc made by the Gulfs of Patras and Corinth. The 


Fig. Li 
SIMPLIFIED STRUCTURAL DIAGRAM OF ZANTE. 


long axis of the Island itself follows the Adriatic trend, i.e., 
S.E.-N.W., which is normal in these Islands. It is 22 miles long, 
10 miles in breadth, and covers an area of approximately 155 square 
miles. In general, the topography bears a simple relationship to 
the geological structure. The Island may be regarded as the 
Be 
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remnant of a rectangular block of resistant Cretaceous-Eocene 
limestone, orientated N.W.-S.E., tilted slightly to the N.E., and 
set in the Ionian Sea. Consider this to be neatly overlain by layers 
of soft Tertiary sediments (Miocene), marls, clays, gypsums and 
sands, which come in successively on the eastern slope, these 
sediments being protected by a capping of hard limestone of more 
recent origin (Pliocene) along the eastern margin. Thus we have a 
margin of hard rocks to the W., an eastern margin which is rather 
less hard and a weak and easily eroded series along the median line. 
Obviously the wide semi-circular bays which mark the emergence 
of these median strata at both N.W. and S.E. extremities 
are merely an expression of their presence and physical charac- 
teristics. Thus, the Island is four limbed, strongly developed arms 
of massive limestones pushing out at N.W. and 8.W. corners, the 
mere vestige of a N.E. limb exposing the comparative weakness of 
the limestone capping over soft strata, while the very marked 
projection to the S.E. is anomalous and is due to geological structure 
of great complexity, which has given rise to the mountain mass of 
Skopos and brought highly resistant rocks to the surface in this 
peninsula. Normal conditions on this éastern side really terminate 
at the bay forming the harbour of Zante. 


Thus the western margin of the Island consists of a rugged 
of limestone mountains which occupy more than one-third 
of the total area and attain elevations of well over 2000 feet. On 
the seaward side they form a long wall of high, precipitous and 
inaccessible cliffs. Landwards they rise with almost equal abrupt- 
ness from the median plain. It is remarkable that more than half 
of the villages of Zante lie along this landward margin of the 
limestone mass. To N.W. and S.E. this plain terminates in saline 
marshes; inland it is broken by low rises in which soft Miocene 
beds are exposed sometimes capped by limestone breccias and red 
earths of Pliocene age. From the N.E. corner of the island, as far 
South as the town of Zante, runs a broken range of hills attaining 
heights of 600 ft. formed of younger limestones which cap a series 
of soft Pliocene clays. These dip off to the N.E. to the sea and 
provide a chain of steep, crumbling, clayey escarpments facing W. 
and 8.W. They terminate in the Citadel of Zante and are cut off 
by the bay which forms the town harbour. South of this bay a 
sudden change takes place. The prominent south-eastern limb of 
the Island is dominated by Mount Skopos and its spurs which fall 
away to the S. and extreme S8.E. Skopos, though only about 
1500 ft. in height, is a most impressive, isolated mountain mass, 
and is the most interesting feature in Zante in its topographic 
detail, its geology and from a scenic point of view. 
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IV. 


1. Stratigraphy. 


TABLE OF STRATA. (After Issel, much modified.) 


Recent. 


Post-Pliocene. 


Pliocene. 
400-500 ft. 


Miocene. 
4,000 ft. ? 


Eocene. 


Upper Cretaceous. 


(Turonian). 
2,000 ft.+- 


Downwash and detritus from the Pliocene hills along the 
eastern coast N. of the town of Zante and at the foot 
of the escarpments on the eastern side of the median 


plain. 

Dunes and beach sands both to the N. and 8. of this 
plain and on the eastern coasts of the south-eastern 
peninsula 


Alluviums of the plain. Lignitic deposits of the Keri 
Marsh area. colts Lawn, 


ete. 
Ancient alluviums of Vasilico, Ipsolithos, etc. 


1. Shelly conglomerates and limestones of Geracarion, 
Kimaros, ridges above Vasilico, etc 

Calcareous grits of Trentanovo. 

2. Concretionary and sandy limestones of Crionero, Cape 
Buveri, Batelli, Ca lli, etc. Yellow, brown 
and blue clays of Citadel, Geracarion, Tragachi, 


The coarse limestone breccias and conglomerates of 
Lithakia, the Abyssos, 8. of Keri Marsh, podon, 
Catastari, etc., may represent parts of both 1 and 2. 


1. Sands, conglomerates and grits of Mt. Skopos, 8. Lipio, 
Sarachina, etc. 

2. Fine banded and coarsely of 
Cape Sostis, Matheon, Sarachina, Shin, Ipeilithee, "Kero: 
castellon. Alabasters of Mt. Skopos. 

Yellow clays associated with the above. 

3. Fine blue clays and flags with pteropods, passing up 
into sands and grits of the coastline between Capes 
Kastelli and Sostis, Lithakia, coast N. of Geracarion, 
hills W. of Tetapia. 

4. Bituminous marls with fish remains, chalky limestones, 
calcareous grits and clays of the Keri Marsh area, 
Lithakia and the foot hills of the limestone range to 
the N., etc. 


Nummulitic limestones of the hills 8. of Keri March, Keri 
Village, Lithakia, Pigadachia, Katastari. Black, 
bituminous limestone of Mt. Skopos. 


Hippurite limestones of Keri, Maries, Luca, Oxocora 
8. Georgio, Orthonies, Volimes. 

Flinty limestone of Lagopodon. 

Spherulitic limestone of Mt. Skopos. 

Calcareous and flinty conglomerates of Mt. Skopos, ? 


(a) Cretaceous-Eocene.—Geological maps of Zante show a broad 
belt of Cretaceous limestones occupying the whole of the western 
side of the Island from Cape Skinari, the most northerly point, to 
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the promontory which almost encircles the village of Keri in the 
extreme South. The eastern margin of this mass is almost a 
geographical straight line running 8.E. Just N. of Keri Bay, 
however, the limestone wall turns abruptly due W. for about a 
mile, then turns equally sharply S. for about a mile and a half, 
turns again due E. and, finally, at Cape Marathia, takes up its 
normal direction and runs out to sea. 

In this manner these limestone walls almost completely enclose 
a structural valley to the landward of Keri Bay. The floor of this 
valley is, in part, occupied by the marsh in which lies the pitch well 
of Herodotus. The gap eastward from Lithakia to the sea is filled 
by a ridge of limestone of Pliocene age which is, in places, almost 
indistinguishable, lithologically, from the older limestones over 
which it lies, a feature which has confused some of the earlier 
investigators. 

The mountain range formed by the limestones which are termed 
Cretaceous-Eocene in this paper is steep and rugged, attaining 
elevations of over 2500 ft. The slopes and heights form large 
barren tracts, but good fertile soils are found where conditions are 
more favourable. The limestones themselves are hard and white or 
grey in colour. Occasionally they become earthy and, owing to 
hydration of ferrous impurities may locally be red in colour, drusy 
and rotten. In places they contain nodules of flint and marcasite, 
and finally, especially on the heights, they may show many different 
stages of secondary crystallisation and beeome true marbles in the 
northern part of the belt. Westward from the first steep rise 
from the median plain of the Island the limestones tend to form a 
dissected plateau, the surface of which is tilted westward towards 
the sea. On this plateau thin patches of red earth are present as 
near the villages of Volimos and Luca. This material is very 
similar to the ironstained fillings found in the pipes and fissures in 
the Chalk of southern England, and has originated in a similar 
manner. All the usual phenomena of limestone weathering are 
present. 

Owing, perhaps, to the changes which these limestones have 
undergone, ¢.g., recrystallisation, partial or complete, fossils are 
difficult to find, excepting in certain favourable localities, and even 
then they are usually badly preserved. Where fossils are present 
the limestones are often drusy owing to removal of parts by solution. 
The characteristic fossil of the western parts of the limestone belt 
is a species of the genus Hippurites (Hippurites sulcatus, Defrance, 
according to Issel). It is to be found in the outcrops near the 
lighthouse near to the 8.W. extremity of the Island and in other 
localities along the whole of the western outcrop. The presence of 
this fossil correlates these beds with the Hippurite limestones of 
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the mainland and definitely assigns them to the Upper Cretaceous 
(Turonian) period. But the upper and more easterly parts of this 
limestone series must belong to a still later period, for, although 
there is no apparent break or change in physical characters, the 
limestones containing Hippurites pass upwards into a Nummulitic 
facies. Limestones consisting entirely of masses of well preserved 
Nummulities were found by the author on the mountain side 
forming the southern wall of the Keri Marsh depression and less 
well preserved specimens, which require very careful search ‘to 
isolate, were found in places on the other margins of this depression 
right around to Lithakia and again near Pigadachia and Catastari 
much further North. Issel was, apparently, unable to find these 
Nummulitic beds, but he quotes Coquand™ as having found these 
foraminifera near Lithakia, Fuchs'* near Keri Bay (N. levigata, 
Lam. and N. lucasana, Defrance), probably from the same locality 
as that examined by the author, Strickland® near Catastari, and 
Partsch* on the hill near Keri Village, where the village windmills 
stand at a height of about 900 ft. above sea level. Having quoted 
these authorities, however, he expresses the opinion that these 
occurrences are due to marginal fragments of a former Eocene 
cover which has been removed by denudation. This, however, is 
untenable, Issel, a very careful and accurate observer, being misled 
by not having observed the Nummulitic beds himself. From the 
neighbourhood of Keri Bay to Lithakia the passage upwards from 
Hippurite to Nummulitic limestone can be demonstrated, though it 
is impossible at present either to draw a dividing line or to say 
whether the Nummulitic zone is continuous along the whole eastern 
margin of the limestone outcrop. The occurrence of limestone with 
Nummulites on the windmill hill at Keri Village is probably an 
outlier of the upper beds lying on the flat limb of a monocline or 
asymetrical anticlinal fold in the limestones. 

The core of Mount Scopos in the south-eastern promontory of 
Zante is formed of hard limestone beds, which constitute an 
impressive, pillar-like outcrop at the summit which, being almost 
white in colour, forms a landmark which can be seen for great 
distances in all directions. The rock forming the western part of 
the summit presents a remarkable appearance, being formed of 
almost perfect spheres of grey, white or pink limestone set in a hard 
calcareous matrix. These spherical bodies vary in size from small 
marbles to balls, which are two inches or more in diameter. There 
is little doubt that these are not rounded pebbles, but are more 
probably of organic origin, though they have not yet been micro- 
scopically examined for evidence of this. Associated with this 
“gpherulitic limestone,” as Issel terms it, are massive beds of compact, 
hard grey limestone standing out almost vertically from the summit. 
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A bed of dense black bituminous limestone appears to overlie this 
together with massive beds of calcareous conglomerate, containi 
boulders of limestone, together with pebbles of flint and chert. 
These limestones and associated beds come to the surface in the 
centre of a complex mass of deposits of Miocene age, conglomerates, 
sandstones, gypsums and alabasters and associated green clays. 
They are certainly older than these Miocene strata and are regarded 
as belonging to the Cretaceous-Eocene limestone group. No fossils 
have yet been determined in them, but attempts have been made 
to correlate the strata with beds present on the neighbouring 
mainland on lithological similarities. Microscopical examination 
may yet provide definite evidence of age, but on all other grounds 
it seems best to regard them as members of the limestone formation 
to which we have referred them. 


(6) Miocene.—Overlying the massive limestones of the Cretaceous- 
Eocene group to the E. is a great series of deposits, very variable in 
character and usually soft and easily eroded. At certain horizons 
these beds are crowded with fossils, usually well preserved, a large 
number and variety of the smaller foraminifera being sometimes 
present. On the other hand, important parts of these deposits 
appear to be devoid of fossils. Little paleontological work has 
been done on this group, but such fossils as have been determined 
belong to species characteristic of the Miocene. 

These Miocene deposits may be divided on lithological grounds 
into four sub-divisions :-— 


(1) A limestone-marl phase at the base followed by 

(2) beds of fine blue clay with pteropods, interspersed with 
occasional beds of very fine grained, blue, calcareous 
flagstones, a few bands of limestone, then a gradual 
passage upwards into clayey sands and grey grits. 


(3) Bedded and massive crystalline gypsums ; 
(4) sandstones, grits and conglomerates. 


1. The limestone-marl basement beds—The basement beds of this 
series consist of well-bedded and rather soft chalky limestones, 
which are massive and harder locally. Unless great care is taken 
they may appear to follow conformably in the Cretaceous-Eocene 
succession, a feature which has misled some earlier writers. These 
basal limestones are, however, distinctive in character and 
frequently contain fossiliferous material, not yet determined, which 
are believed to be the remains of calcareous alge. The uncon- 
formable nature of the junction between the Cretaceous-Eocene 
and these later deposits is well defined at many places along the 
line of junction, especially in the coastal section exposed in Cape 
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Karavastasi, S. of Keri Bay, at the foot of the hills W. of Keri Bay 
and in the foothills to the N., especially near the village of Pigadachi. 
In the first named section, a black bituminous marly bed is to be 
seen resting on an eroded surface of hard Cretaceous-Eocene lime- 
stone wrapping around boulders of the latter which lie above it 
and filling in cracks and fissures, which were formed before the later 
period of deposition began. Associated with these bituminous 
basement beds are layers of coarse calcareous grits which indicate 
shallow water conditions. Near Pigadachia the unconformable 
nature of the junction is beautifully exposed and a good section 
of the lower Miocene sequence is revealed in a succession of white 
chalky limestones marls clays and soft calcareous sands. Higher 
beds in the Miocene sequence appear to be overlapping these lower 
members as we proceed N. where the blue clay of the higher division 
come into close proximity with the older limestone margin. 

The lower Miocene strata are characterised by their marly nature 
and by the presence of bands which are impregnated with bitu- 
minous matter. To the S. side of Keri Bay and in the upper part 
of the ravine called the Abyssos, between the Bay and Lithakia, 
these beds are well exposed. Most worthy of attention are beds 
which outcrop in both localities, which are full of fish remains and 
fucoidal impressions. Fish scales, spines, teeth, jaws and even 
well preserved entire skeletons were found by the author, as well 
as a few specimens of the smaller foraminifera and other small 
fossils. These beds are dark in colour and bituminous. These 
lower Miocene strata are important as being the immediate “ source 
rocks ’’ of all oil which has been obtained by boring on Zante. 

2. The Blue Clay Series—As we pass upwards in the sequence the 
beds become more clayey and finally pass into a thick series of 
fine blue clays, which are first seen, in the southern coastal section, 
at the northern corner of Keri Bay, where they crop out on the sea 
shore from beneath a mass of calcareous sands, grits and limestones 
containing Pliocene fossils, and which lie in confusion caused by 
successive landslips from the cliffs behind. The underlying clays 
are the cause of these landslips, the relationship between them and 
the calcareous group above being similar to that between the Gault 
and the Chalk on the southern coasts of this country. Examination 
of the junction between the clays and these overlying strata shows 
well-marked unconformity and discordance of dip, the clays dipping 
N.E. at 30°, whereas the beds above are nearly horizontal. The 
coastal outcrop of the clays is often masked by debris and downwash 
from above, and to this is probably due the error into which some 
earlier writers have fallen in ascribing the deposits in which the 
petroleum occurs in the marsh to the S. to the Pliocene, an error to 
which Sir Boverton Redwood has already drawn attention. ». 13% 
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The correct relationship between the lower Miocene beds and the 
succeeding clays and of both to the overlying Pliocene is observable 
both in the coastal section and in the fine unbroken sequence 
exposed in the Abyssos as well as in many sections northwards 
through the Island. 

The Blue Clay Series is best observed in the coastal cliffs to the 
N. of Cape Kastelli northwards of Keri Bay. Here the blue clays 
are very finely banded and occasionally contain small pebbles of 
limestone beautifully rounded and polished. Thin beds of hard 
blue flaggy limestone, from 2 to 8in. thick, occur at intervals. 
This is a very smooth, fine-grained rock, very evenly bedded, and 
closely resembles the stones used by lithographers. As higher beds 
in the sequence are reached some clayey sands and coarse, black 
grits begin to appear, as well as one or two thicker beds of grey 
limestone 2 to 3ft. in thickness. Finally, as we proceed north- 
wards, a gradual transition takes place from dominating clays to 
dominating grey sands and grits and then, at a place called Matheon, 
a bed of coarsely crystalline gypsum, 30 ft. thick, pushes out to sea. 
This is apparently brought in by faulting, for another series of 
exposures of the clayey beds occurs before we reach the true base 
of the Gypsum Series. 

The Blue Clay Series is fossiliferous in places and contains small 
foraminifera, echinoderms, squashed flat, and, in some parts of the 
sequence, numerous pteropods which have been referred by 
Coquand™ to the species Cleodora and Hyalea. Coquand found 
these also inland near Lithakia and on the flanks of Mt. Skopos 
near the springs which feed the reservoir from which the town of 
Zante obtains its water supply. Minute crystals of gypsum were 
observed in places in the joints and along bedding planes in the 
clays. .These may be secondary, carried down by percolating 
waters from the overlying Gypsum Series when it actually lay above 
these strata. 

The Blue Clay Series underlies the greater part of the median 
plain of the Island, though exposures are rare, they being hidden 
under coverings of alluvium and transgressing Pliocene deposits. 
They outcrop and form low hills 8. of the salt pans E. of Catastari, 
and are exposed in the sea cliffs N. of Geracarion, where they can 
be seen underlying a capping of calcareous and fossiliferous Pliocene 
deposits which lie unconformably above them. There are also 
some small local outcrops at the foot of the Pliocene escarpment 
near Geracarion. 

3. The Gypsum Series.—The first appearance of the gypsum at 
Matheon has been noted. It is followed to the N. by blue, banded, 
flaggy clays with bands of pyritic limestone, which again pass 
upwards into soft, bedded sandstones and grits which appears 
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to be a duplication of part of the Blue Clay Series; but in this 
case we get a definite and unfaulted passage upwards into a gypseous 
series which attains its maximum development in the headland 
of Cape Sostis. At first sight the lower beds of the Gypsum Series 
look exactly like the siliceous sands and grits below. They consist 
of very finely banded layers of gypsum with black and brown 
partings. The, gypsum is present in the form of small crystals, ~ 
which were evidently deposited in very quiet conditions, so even 
is the bedding. Closely examined the beds look as though com- 
posed of sugar, and the fine banding in varying colours gives the 
outcrop a very striking appearance. The bands appear to be due 
to seasonal deposition, and call to mind the banding of “varve’ 
clays. It is interesting to speculate as to the possibility of esti- 
mating the length of the period of deposition by making a count 
of the number of bands exposed in the section. 

On the N. side of the headland a bed of coarsely crystalline 
gypsum comes in, similar to the one observed at Matheon. Some 
of the crystals are very large, running up to over a foot in length. 
The coast is low for about 200 yards N. of Cape Sostis, and then 
the banded gypsums come in again and are overlain by 6 ft. of 
grey, impure, coarsely crystalline gypsum, which is slickensided 
to the N.E. Above and below are beds of massive breccia, consisting 
of coarse broken fragments of crystalline gypsum, very impure, 
together with balls of greenish yellow clay. These breccias are 
associated with beds of a similar clay. This outcrop is another 
duplication due to the very evident faulting. There now follows 
a series of soft sand-stones, which are soon lost under the low 
sandy shores of Lagana Bay, and beneath the saline marsh which 
occupies the area between the bay and Zante. 

-The gypsums of Cape Sostis, especially the massive crystalline 
beds, outcrop as a broken succession of steep rises from Cape 
Sostis through Sarachina to a point one mile N. of the Keri-Zante 
road and about 2} miles due E. of Rumirion. Here there are 
two parallel outcrops about 50 yards apart. N. of this they dis- 
appear under the alluvium of the plain, but were traced again in 
an exacavation from which gypsum was formerly quarried by the 
local peasants, at a spot about 1 mile 8S. of Geracarion. At this 
place they appear to be striking due N. towards the ridge of 
Geracarion where they are lost under the Pliocene escarpment. 

Under Skopos, on the eastern margin of Lagana Bay, the gypsum 
series comes in again, the outcrops running right across the northern 
end of the south-eastern peninsula to the shores of the Bay of 
Zante. The series is repeated again and again in the Skopos 
mass both to N. and S. of the limestones forming the summit. 
It is here associated again with greenish-yellow clays as at Cape 
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Sostis, and is overlain by a succession of sandstones, grits and 
massive conglomerates which evidently belong to the upper part 
of the Miocene formation of the Island. Under the limestones 
of the summit a thick bed of pure white alabaster runs right across 
the mountain and forms distinctive white patches on the mountain 
when viewed from a distance. This duplication of the gypsum 
beds is due to complex and interesting geological structure which 
will be dealt with later. 


4. The sandstone group.—Save for a few isolated outcrops of 
soft brown sandstone such as that overlying the Gypsum Series 
on the western side of Lagana Bay and inland near S. Lipio W. of 
the marshes and, less certainly, in the eastern portions of the 
median plain of the Island the sandstones, grits and conglomerates 
which belong to the upper part of the Miocene sequence and such 
an important part of the Skopos massif do not appear over the 
rest of the Island. They are probably buried beneath the Pliocene 
deposits to the E. 


c. Pliocene.—The main feature of the Pliocene deposits of Zante 
is the broken range of hills running from the citadel of the town 
through the villages of Tragachi and Geracarion to the N.E. corner 
of the Island. These hills are the remnants of Pliocene deposits 
which must formerly have transgressed over the Miocene to the 
main limestone range to the W. These beds now present steep 
crumbling escarpments to the eastern side of the plain. The 
sequence in these scarps is grey or green fossiliferous clays at the 
base containing, amongst others, species of Nassa, Venus, Cardium, 
Ostrea, Arca, Cerithium, Dentalium. Small immature Pectens 
are especially abundant. Above are bands of hard fossiliferous 
limestone containing very large Pectens and, lastly, come calcareous 
grits, gravels and conglomerates often heavily charged with 
limonite. In the western flank of the hill N. of the winding road 
which leads up to Tragachi there outcrops a thick bed which is 
practically a shell bank composed entirely of species of the lamelli- 
branch Lucina. Issel* refers the species to L. pomum, Dujardin 
and L. globulous, Deshayes, and considers that these indicate a 
Miocene age for the associated calcareous beds. Lucina, however, 
has a pretty wide range in Tertiary deposits, and, from an examina- 
tion of the locality and the associated strata, this bed appears to 
be, undoubtedly, part of the Pliocene formation of these hills. 

The Pliocene sequence as exposed in the hills at Geracarion and 
Tragachi is, perhaps, the most complete to be found on the Island. 
The limestones which outcrop W. of the road running along the 
foot of the escarpment towards the northern coast probably belong 
to the same formation which can be traced right across the plain 
to the main limestone range near Skoulakadion. 


ii 
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8. of Skopos clays, sands and calcareous grits are present in the 
ridge which constitutes the backbone of the south-eastern peninsula. 
The fossils present are almost identical with those found near 
Tragachi and Geracarion, but the limestone beds are not so im- 
portant, there being a greater development of calcareous grits and 
sands in the vicinity of Vasilico. The island off the point of Sostis 
is composed of similar fossiliferous calcareous grits. 

On the western side of the plain the Pliocene formation is repre- 
sented chiefly by great banks of limestone breccias and conglomer- 
ates, which flank the main range and represent the work of the 
Pliocene seas pounding on the rocky shore line which the Cretaceous- 
Eocene limestones presented to them. These breccias and 
conglomerates are frequently held together by a red ferruginous 
cement, and weather into bright red soils which are particularly 
noticeable in the neighbourhood of Skoulakadion, where these 
beds attain, perhaps, their maximum development. They are also 
an important feature on the flanks of the Cretaceous-Eocene limestone 
mountains on theS. side of Keri Bay and round Cape Karavastasi, 
where they lie upon the marls and chalks of the basal Miocene. 

N. of Keri Marsh and Bay is a limestone ridge which runs E. 
and W. and forms the headland of Kimaros and the cliffs of Cape 
Kastelli. This is capped by grey limestones, sometimes, appar- 
ently, devoid of fossils and closely resembling both the Cretaceous- 
Eocene limestones and those of the basal Miocene. In the broken 
cliffs of Cape Kastelli, however, they overlie calcareous grits and 
limestones containing large pectens and other fossils similar to 
those found in the limestones of Geracarion. Moreover, they lie 
almost horizontally above the Miocene blue clay series which is 
dipping at 30° to the N.E. 

The ravine called the Abyssos is a cleft in the massive limestone 
breccias, which are here somewhat folded and faulted, and which 
can be traced eastwards into the limestones of Kimaros. The 
base is exposed in the ravine, showing the unconformable manner 
in which these beds overlie both the upper beds of the Miocene 
Marls and the lower beds of the blue clays, of which there is a very 
fine and continuous exposure in the floor of the ravine. 


(d) Quaternary and recent.—Little need be said of the recent 
formations which consist of alluviums, the downwash from the 
crumbling shales of the eastern Pliocene escarpments, the red earths 
due to weathering of the various limestone deposits from the 
Cretaceous to the Pliocene, raised pebble banks which occur in 
places, especially on the N. side of Skopus at about 100 ft. above 
sea-level, and which can be seen in the neighbourhood of the Vasilico 
Road. Such deposits are of little importance geologically, though 
they do contribute to the fertility of the Island in places. 
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(e) Correlation—In the absence of adequate paleontological 
work the author has, as yet, made no serious attempt to correlate 
the strata as exposed on the Island of Zante with those of neigh- 
bouring lands. From the Cretaceous-Eocene limestones upwards 
the sequence and types of strata are closely related to those found 
in the Morea and northwards, through Greece into Albania. The 
spread of the Hippurite and Nummulitic limestones in Europe and 
Asia is well known. Gypseous series of Miocene age occur else- 
where in Greece, in Cyprus, and in the northern areas around the 
Red Sea. The marly and chalky limestones of the Lower Miocene 
may be linked with the Globigerina limestones of Malta, which 
seem to occur at about the same horizon.** 

2. Structure.—A section across the Island anywhere N. of the 
Bay of Zante would show an apparently simple structure and 
sequence across most of the strata described. We should find, 
however, that our simple conception of the Island as a 
limestone block overlain by later sediments would have to be 
modified, and that there had been some deformation owing to 
folding movements. The belt of Cretaceous-Eocene limestones 
of the western margin is folded into a great assymetrical anti- 
cline which is almost monoclinal in places as near Keri Village. 
The dips are low to the westward. To the E. and N.E. the dips 
amount to from 30° to 45°. The overlying Miocene deposits 
also have a general dip to the N.E., the average angle of dip being 
about 25°. With regard to the Pliocene deposits of the hills to 
the N. and E. of the town of Zante the dip is perhaps a little more 
N.N.E. and varies between 10° and 15°. 

A section across the Island in the latitude of Mount Skopos 
would reveal a much more complicated structure; in fact, no 
serious attempt appears to have been made previously to unravel 
it, especially that of Skopos itself. If a line be taken from the 
western coast near the lighthouse near the S.W. corner of the Island, 
across the Keri Marsh and along the cliffs of the south-eastern 
coasts, its continuation would pass through the centre of the 
Skopos mass. Near the lighthouse the beds dip at very low angles 
to the S.W. Inland, near Keri Village, there is evidence of un- 
important local faulting and folding in the limestone. As we 
approach the southern edge of the Keri Marsh the massive lime- 
stones dip E. at from 20° to 30°, and a series of important E. and 
W. faults, with downthrow to the N., begin to come in and cul- 
minate in a fault with a downthrow to the N. of some magnitude, 
heading N. at 60° to 70°. Against this fault the Lower Miocene 
marls and limestones abut in places, though in others Eocene 
limestone, full of Nummulites, were observed both above and 
below the fault zone. The slickensided, grooved and polished 
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face of the fault is exposed on the northern side of Cape Karavastasi, 
where the fault runs out to sea, and against this face the lower 
beds of the Miocene are resting A continuation of this fault 
appears to cut across the southern end of the Island of Marathonisi, 
some two miles to the E. There is little doubt that this fault is 
still “alive,” and that movement has taken place along it in 
comparatively recent times in connection with the numerous 
earthquakes to which Zante is subject. Associated with the 
emergence of this fault on the coast springs of sulphuretted 
water occur along the rocky coast known as the Marathia, 
and associated with these occasional seeps of petroleum have 
been observed coming from the sea floor. At times a distinct 
odour of petroleum is to be observed along this part of the coast. 

The Miocene deposits 8. of the Marsh dip N.E. at low angles ; 
on the coast at 5° to 8°, inland to the westwards at 12° to the 
N.E. On the northern side of the Marsh the Miocene marls again 
appear N. of the Herodotus Well dipping N.E. at 5° to 10° under 
the Pliocene ridge already described. The Pliocene strata forming 
the ridge have been affected somewhat by earth movements and 
are slightly folded along a N.W.-S.E. axis. The blue clay series 
makes its first appearance under the Pliocene sea cliffs dipping 
N.E. at 15° to 30°. It is only when we get to the clear, unbroken 
exposure of these Miocene clays in the coastal cliffs to the N.E. 
of the headland of Kimaros that we get any idea of the structural 
movements which have affected the Miocene deposits. The clays 
and overlying sands are here intensely contorted, overthrusting 
and overfolding of a diagrammatic kind being present, while 
normal faults also affect the strata. The forces which have 
brought about the compression of the strata have been applied 
from the N.E., i.e., from the direction of Mount Skopos. We have 
seen that after the first appearance of massive gypsum at Matheon, 
where it is brought in by a fault, the Blue Clay sequence is dupli- 
cated by faulting. The overlying Gypsum Series, as is evident 
from the broken nature of the outcrops which run northwards 
from Matheon and Cape Sostis through Sarachina, has yielded to 
the pressure by breaking into rectangular blocks, fracturing rather 
than folding, the blocks being pushed forward in an irregular manner. 
At Cape Sostis the Gypsums dip N.E. at 20°. The gypsum breccias 
200 yards N. of Cape Sostis are connected with another fault zone, 
which brings the crystalline gypsum to the surface again at this 
point. The fault here strikes 20° W. of N. retain hades to the N.E. 
A fault plane running exactly parallel to this is seen in the sand- 
stone outcrop to the E. of this. 

At Ipsilithos (ipse=gypsum), at the eastern end of Lagana Bay, 
the Gypsum Series, associated with greenish clays and sandstones, 
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comes in again dipping 65° N.E. and striking 20° W. of N. The 
exposed thickness of gypsum beds is here over 300 ft., 400 yards 
to the E. the whole series comes in again, striking 15° W. of N. 
and dipping 15° N. of E. at 45°. Overlying this outcrop is a 
massive sandstone series dipping 78° to the E. and striking 10° W. 
of N. A thickness of 200 ft. is exposed. These two outcrops of the 
Gypsum Series form ridges which run brokenly across the N. end of 
the south-eastern peninsula of Zante to the southern coast of the 
Bay of Zante. The faulted and disturbed nature of the beds is 
again expressed in the irregular character of these outcrops. Still 
further W. the Gypsums come in a third time and constitute the 
headland of Cape Vrondonero. The western side of this head- 
land is a vertical vault face running N. and 8. It is lined by a 
fault breccia consisting of large angular blocks of crystalline gypsum. 
The Gypsums of Cape Vrondonero run N. up the western flanks of 
Mount Skopos, forming a marked platform on its slopes. A 
little way inland the strike changes to N.E. dip, 8.E. 40°. They 
cross the mountain just under the summit and pass out to sea in 
Cape Davia. In this particular occurrence of the Gypsum Series 
the material has been altered to a white alabaster which sometimes 
contains carbonaceous matter as an impurity. Under the summit 
the bed appears to be dipping E. at a high angle. 

The limestones and conglomerates which have been described as 
occupying the summit of Skopos are traversed by an important 
series of faults which apparently belong to two periods. One group 
runs N. and S., and the other between E. and W., and N.E. and 
S.W. The N. and S. faults are probably of the nature of thrusts 
which have forced the Cretaceous-Eocene succession over the 
Miocene gypsums and arenaceous beds. The E. and W. faults are 
normal, © They must be of later age, for they cut across and terminate 
the N. and S8. faults. The junction between the limestones of the 
summit and the associated conglomerates is a N. and 8. fault 
plane (10° W. of N.), and is occupied by a fault breccia. In con- 
nexion with these fault breccias pebbles occur, which are crushed, 
fractured and distorted, and yet remain entire. A mile or so to 
the 8.E. of the summit the whole series is cut off sharply by a fault 
running N.E.-S.W. with downthrow to the 8.E. The fault plane is 
a precipice some hundreds of feet sheer and runs right across the 
peninsula. This fault is again normal. 

. Dropping down from the heights of the precipice in the direction 
of Vasilico to the 8.E. we find the whole Gypsum Series and some 
of the lower members of the Miocene coming in again at Xero- 
castellon. The gypsum outcrop crosses the peninsula again, 
striking here nearly E. and W. and dipping S., but there is again 
some disturbance by faulting. Miocene beds occur in the ridges 
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towards Vasilico, where they are are at last hidden beneath the 
Pliocene deposits. 
Consideration of the section thus described gives us a good idea 


of the general structure of the southern part of the Island and,. 


to some extent by inference of the whole of it. Starting with the 
most important geological structure, that of the Skopos mass, it 
can now be interpreted as an eroded and faulted S-shaped overfold 
in the Miocene gypsums the beds rising from Xerocastellon folding 
back under the summit of Skopos and coming up again at Ipsilithos. 
The Cretaceous-Eocene limestones and conglomerates are exposed 
and have probably been extruded in the core of the anticlinal part 
of the overfold which forms the heights of Skopos. In the accom- 
panying syncline westwards towards Ipsilithos is a great mass of 
the sandstones, grits and conglomerates which overlie the gypsum, 
but of which little is seen over the rest of the Island. Because of 
the position of these beds in the axis of the syncline and duplication 
by the folding their apparent thickness and importance is 
exaggerated on the western flanks of the mountain. Both to 
N. and 8. the complete fold is cut off by faults, to the N. the fault 
noted in the precipices of Cape Vrondonero; to the S. the fault 
forming the precipice above Xerocastellon. 

Following upon this to the westward is a whole series of step 
faults, throwing down the gypseous group to the W. First, one of 
comparatively small magnitude duplicating the gypsum outcrops 
at Ipsolithos, then a larger fault or a series of smaller ones which 
are hidden under the beach formations of Lagana Bay and the 
marsh to the N. of it which bring in the Gypsums again at the 
western end of the Bay, finally, a third group of such faults, still 
throwing down to the W. which bring up these Gypsums at least 
four times, the last being at Matheon and cause the Blue Clay 
group to appear twice in the coastal section. It has been noted 
that normal faults occur in the main section of the Blue Clay 
group N. of Cape Kastelli, and there is undoubtedly some dupli- 
cation here also, but the crumpling of these strata rather obscures 
matters and makes it difficult to unravel the true sequence until it 
can be done on paleontological grounds. Wherever they can be 
observed these step faults run from 10° to 20° W. of N., are almost 
vertical or hade at high angles to the S. 

The great fault on the margin of the limestone range S. of Keri 
Marsh runs E. and W., but hades to the N. at 60° to 70° so that in 
effect the structure between Ipsolithos and the limestone Range is 
that of a trough fault, which affects both the Cretaceous-Eocene 
limestones and the whole of the overlying Miocene. The soft 
Miocene strata have been dropped into this trough and, being 
compelled to shorten their surface dimensions, have been crumpled 
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and contorted. The jaws of the vice are provided by the Cretaceous- 
Eocene blocks of Skopos to the E. and the Limestone range to the W. 

The author believes that the structure of the whole of the median 
plain of the Island is a faulted trough of this description, though 
the scarity of outcrops make it difficult to prove. There is, how- 
ever, a great change in the Island S. of the latitude of the Town of 
Zante. This southern part of the Island seems to have been greatly 
affected by pressure from the eastwards producing not only the 
overfolding and thrusting of Skopos, but effects which can be 
noted right across to the limestone range in the neighbourhood of 
the Keri Marsh. The clayey beds in the coastal exposures have 
been urged forward, overthrust and tilted, the movements being 
invariably directed towards the W. or 8.W. In the higher parts 
of these folds and contortions the strata always show a tendency 
to be bent backwards on themselves in the opposite direction as 
though they were meeting with some obstruction. This resistance 
was provided by the Cretaceous-Eocene limestone block against 
which they were being jammed. But these limestones themselves 
have yielded to the forces at work and have broken before them. 
The curious, abrupt changes in direction which take place in the 
limestone wall which confines the Keri Bay and Marsh area are due 
to the main limestone mass having been fractured and pushed 
forward to the W. for at least one mile. The tangential thrust 
movement which produced this Keri Bay re-entrant and the 
folding of Skopos, also fractured the whole of the Cretaceous- 
Eocene limestone block. Passing from N. to 8. down the landward 
side of the limestone range we find that it is broken at almost 
regular intervals by a series of E. and W. dip faults which are 
normal and, with the one exception of the fault 8S. of the Keri 
Marsh, throw down to the 8. They cut across the strike of the 
limestones almost at right angles and their effect is to cause the 
limestone margin to be stepped back regularly and progressivelty 
towards the W. In other words, the limestone has bent before 
the forces at work, the bending strain being relieved by a series of 
comparatively small fractures, which are the faults described. The 
result is like the jointing of a vertebral column. 

With the possible exception of the E. and W. fault S. of Keri 
Bay this faulting is younger than the Miocene of Zante, for even 
the youngest beds of this system which are present are affected. 
The movements must have taken place before the Pliocene deposits 
of the Island were laid down, for these are not affected by them, 
though the slight tilting and folding which are observable in these 
beds show that pressure from the E. continued right through Pliocene 
times into more recent eras and has probably not died away 
even yet. 
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3. History —The Cretaceous-Eocene limestones had been uplifted 
and eroded before the Miocene deposits were laid down, but were 
evidently back beneath the sea again at this time, probably forming 
a reef. The basal beds of the Miocene contain calcareous grits 
associated with limestones formed largely from calcareous alge, 
which suggest shallow marine conditions. The contrast between 
these and the basal breccias and conglomerates of the Pliocene is 


Depression followed, attaining its maximum when the fine 
blue clays with pteropods were laid down. Gradual shallowing 
of the sea is shown by the coming in of the grits and sands which 
finally dominate the upper beds of the blue clay series. Apparently 
isolation and inland sea conditions existed when the gypsums were 
laid down. Further uplift followed, together with encroachment 
of neighbouring land areas when the sands, grits and conglomerates 
of the upper part of the Miocene sequence were formed. By this 
time the Cretaceous-Eocene limestones were being elevated, and 
by Pliocene times formed part of a land area to the W., and against 
the limestone coasts so formed Pliocene seas beat with some violence, 
tearing away huge blocks to form the breccias and conglomerates 
of that formation. Shallow marine conditions existed throughout 
the period. Evidence round the coasts of Zante and of Greece 
itself indicates that recent movements have been in the direction 
of submergence again, and the earthquakes of recent times may 
represent repercussions of the forces which have been at work on 
the Island since the Cretaceous period. 


V. PETROLEUM. 

1. Description of oilfield area.—The so-called “ pitch” of Zante 
is really a very heavy crude oil, the physical and chemical charac- 
teristics of which will be dealt with later. 

The ancient “ pitch ” well of Herodotus is situated on the S. side 
of the Keri Marsh, almost exactly 400 yards from the shore, whereas 
Herodotus says it is distant from the sea, four furlongs or about 
655 yards, according to authorities on the measures in use in that 
author’s time. This is interesting as giving some idea of the retro- 
cession of the coastline of Keri Bay during the past 2500 years. 
The well is a natural spring of slightly brackish water, which 
energes almost at the junction between the Lower Miocene and the 
underlying older limestones. The fact that inflammable gas and 
oil accompanies the flow of water has led to many efforts, stimu- 
lated by the successful rise of the oil industry in the U.S.A., to 
obtain larger supplies of oil during the past sixty or seventy years. 
Most of those who have written on Zarite refer to the comparative 
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seems to have been abandoned for the time being, but he refers to 
two wells which had been drilled near the ancient spring,” and says 
that one produced half a ton of oil a day from an oil horizon at 
48 metres, and was continued to 150 metres without, apparently, 
increasing production. The other found oil at 21 metres and yielded 
2} tons in afew hours after which it seems to have become exhausted. 
Both wells were said to have been drilled in blue clays, and Issel is 
uncertain as to whether these were Miocene or Pliocene. Sir 
Boverton Redwood also states that these attempts have all proved 
futile* »-2%), giving his opinion that this is due to the prevalence 
of earthquakes and the shattering of the limestones in which the oil 
originally existed. He states, however, that the beds in which the 
oil occurs are either Miocene or even Oligocene. Having, with the 
manager in charge of the work now in progress on the Island, 
found it necessary to make a survey of these old wells, of which 
10 or 12 were found scattered over and around the Keri Marsh, the 
author finds that the failure of the work was more probably due to 
lack of knowledge and inexperience of oilfield practice on the part 
of the early operators. In no case was water shut off, not even the 
surface water of the marsh in most cases. The casing of the wells 
was faulty and inadequate. Casing seemed to consist of job lots 
of all descriptions, one set being of a kind never before seen by the 
author. It was collar casing with the collar couplings on the inside 
of the pipe instead of outside, which made it almost impossible to 
run tools or even to insert sucker rods for trial pumping. Before 
the present work could be undertaken it was necessary to make a 
thorough, and what proved to be a difficult, search for these old 
wells, to open them up, examine and test them, and in all cases it 
was found necessary to clear the bottom and to force in cement 
under pressure. In many cases cementing was necessary from top 
to bottom. That having been done it has been found possible to 
produce oil free from water from well newly drilled on other sites. 
Besides the seepage in the Herodotus Well there are other 
occurrences of oil in the Keri Marsh. One rather extensive seepage 
is present just within the northern margin of the Marsh N. of the 
well. The seepages of oil which occur in the sea off the faulted 
coastline of the Marathia have been already noted * 26. p. 186), 
Redwood states that temporary discharges of pitch and oil have 
occurred from fissures produced by earthquakes near the villages of 
Musaki and Rumirion N. of Lithakia®*»-'% , His authority is 
probably one of Mercati’s old manuscripts,‘ for Mercati states that at 
Rumirion this occurred in 1831. In both these cases the horizon is 
the basal beds of the Miocene as in the Keri Marsh. Redwood 
also says that exudations of petroleum were observed by him 
on the seashore N.E. of and near to the town of Zante in beds of 
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Pliocene age. It may be observed, however, that the Miocene 
beds underlie this formation at no great depth in this locality. 
Both Redwood and Issel refer to rocks smelling of petroleurs in 
the Miocene strata of Mount Skopos, Issel giving his locality as the 
cliffs of Vrondonero.* The author is able to confirm this from 
personal experience. 

Springs of sulphuretted water occur, both in close connection 
with the known oil- bearing strata and at other points on the 
Island. One occurs in an outcrop of bituminous marl on the 
beach at the S.E. corner of Keri Bay about 100 yards 8. of one of 
the most productive of the older oil wells. It is associated with a 
small fault in the beds. A trial bore 100 yards due W. of this old 
well met with water similarly charged. Similar springs of sulphur- 
charged water have been observed by the author at Musachi, 
where the occurrence is associated with a smell of petroleum and 
an occasional discharge of oil®-»-1%5«2%, near Catastari and 
Pigadachia to the N., all on the basal Miocene, and at Tetapia 
between Geracarion and the salt pans on the N.E. coast at the 
northern end of the median plain and in a vineyard S. of the farm- 
house at this place. In this case the spring breaks through alluvium 
which is covering Miocene beds. 

No attempt to find oil has been made excepting in the area 
around and in the Keri Marsh, and here it is present in porous, 
calcareous grits in the basal Miocene. 

In a general way the structure of the Keri Marsh area is a 
“ terrace.” The marls and limestones underlying the area dip 
at low angles, 5° to 10°, to the N.E., abut against the wall of older 
limestones which limit the area to the 8. and rest upon an irregular, 
eroded and, probably, faulted surface of the same rocks. Immedi- 
ately to the N., under the headland of Kimaros, the dip steepens to 
30° and even more, and, if we ignore the effects of the thrust move- 
ments, continues at about this angle for at least 8 or 10 miles. 
The Miocene strata are, therefore, rising at a fairly steep angle 
for a considerable distance from the N.E., and this rise is sharply 
arrested where the lowest beds come to the surface in the Keri 
Marsh area. This set of conditions is sufficient to account for any 
accumulation of petroleum which may occur in this area. The 
basal Miocene cover in the Marsh area is only a few hundred feet 
thick, therefore, so far as oil in the Miocene formation is concerned, 
the field is a shallow one. But the structure is not quite so simple 
as this. We have noted how in two boreholes near the Herodotus 
Well, only a few yards apart, one met with oil at 48 metres and the 
other at 21 metres. This is typical of all the bores which have 
been put down. It is reasonable to suppose that the faulting 
which Sir Boverton Redwood had in mind when referring to the 
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field was of the normal type. Careful study of the exposures of 
Miocene to the northward, and especially of those nearest to the 
marsh, leads to the conclusion that faults and folds should occur 
in the Miocene beds under the marsh area. The logs of the older 
wells are not reliable, but those of the more recent ones have been 
carefully recorded and kept, and a study of these indicates that we 
have under the marsh a series of overthrust folds whose long 
axes run some degrees to the W. of N. or parallel to the direction 
noted wherever the thrust faults in the Miocene can be observed. 
It is certain that general elevation of both Cretaceous-Eocene 
beds and the Miocene had taken place before the onset of the 
earth movements, which probably occurred in early Pliocene times, 
caused the crumpling and thrusting of the beds, and it is obvious 
that any migration of oil towards the higher points of elevation 
must have taken place before complication due to the later move- 
ments in the strata had taken place, for such structures as are 
present would certainly have made migration of oil impossible. 
In such conditions any general accumulation of oil which may 
have taken place in this area when the terrace structure was formed 
would be compelled to accommodate itself to the later conditions 
which were imposed upon it. Some of it would probably escape 
to the surface along fracture zones in the marls, chalks and calcareous 
grits owing to disturbance of the clays which formed the effective 
cover. Other bodies of oil would be saved in local folds in which 
both storage and cover beds were involved. This reading of the 
structure fits very well with the facts as disclosed by drilling. 
The appended sections give an idea of the anomalous conditions 
which exist. 


SECTIONS. 


The anomalies disclosed in these sections may be accounted for 
by normal faulting if we assume the presence of faults running 
N.-S. There is no evidence of the existence of such faults. Normal 
folding will not explain them. Small lenses of porous beds can also 
be made to account for the way in which the “ oil sands ” occur, 
but again nothing has been observed to suggest that such small 
lenses are present, though a similar effect would be produced by 
such disposition of the strata as is observable in the small over- 
thrust folds which do exist to the N., and this is the solution of 
the problem which seems most in accordance with observable 
structural conditions. Two such areas of productive folding have 
been disclosed by drilling. The first is that to which the above 
sections apply, and is just within the northern margin of the marsh. 
The second runs from the coast just outside the southern margin 
towards, but a little to the N. of, the Herodotus Well. On these 
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structures eight productive shallow wells have been drilled so far, 
the productive horizons being at a rather greater depth in the 
southern belt than in that to the N. 

When carefully and properly drilled, the wells flow steadily 
and naturally of their own pressure at first, and settle down to 
steady production, the yield being good when the shallow 
depth and heavy nature of the oil is considered. A measured 
production of 20 tons a day for an individual well is not 
unusual, and has been exceeded. The oil in the wells on the 
northern fold is practically free from water; that on the 


KERI MARSH. OIL FLOWING FROM WELL INTO SETTLING TANK. 


southern fold carries a good deal of salt water in suspension, 
and the flow is normally accompanied by quantities of brine. No 
producing well has become exhausted during the past four years 
and the pressures are holding well. There is very little gas present 
- along with the oil in the southern fold, but a fair amount accom- 
panies the oil in the wells to the N., which was expected. As 
the sections show, the productive horizon varies from well to well, 
though the same horizon may be oil bearing in many wells though 
not to a commercial extent. This, again, is to be expected in such 
structural conditions. 
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VIEW FROM LIMESTONE RANGE SOUTH OF KERI BAY LOOKING NORT4A- 
EAST ALONG COASTAL SECTION. 

Foreground.—Miocene Marls and Chalky Limestones, Keri Marsh Oilfield Area, 
Middle Distance.—Pliocene Limestones and Cretaceous Sands overlying Miocene Blue Clay: 
on Cape Kastelli. 

Background.—Coastal Cliffs exposing Miocene Blue Clays sequence, 
Distance.—Pliocene of Citadel Hill overlooking town of Zante. 


SITE OF HERODOTUS WELL. 
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BITUMINOUS BASAL MARLS OF MIOCENE SOUTH OF KERI BAY. 


OVERTHRUSTING AND FOLDING IN BLUE CLAY SERIES, COASTAL SECTION 
NORTH OF CAPE KASTELLI, 
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MIOCENE. OUTCROPS OF COARSE CRYSTALLINE GYPSUM INLAND NORTH 
OF CAPE SOSTIS. 


FOLDING IN SANDSTONES OVERLYING GYPSUM NORTH-WEST OF 


MIOCENE. 
CAPE SOSTIS. 
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Mount Skopos, FROM TOWN OF ZANTE. 
Projection on Summit.—Cretaceous-Eocene Limestone. 
White patch under Summit.—Miocene Gypsum (Alabaster). 
Hills in foreground of Mountain.—Miocene Gypsum duplicated by faults and folding 


OIL WELL AND PIPE-LINE, KERI MARSH. 
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2. Characteristics of the oil—Examination of two samples of the 
oil gave the following results :— 


No. 1* No. 2f 
Southern Northern 
Fold. Fold. 
Specific Gravity at 60° F. 1-010 1-0046 
Closed Flash Point (P.M.) 7” ‘al 156° F. 200° F. 
Viscosity (R.I. at 140° F.) 690 secs. 
Water Content (I.P.T. method) 0-8% 
Initial Boiling Point 150° C. 
Petrol + 0-7% 10% 
Specific Gravity at 60° F. .. ae 0-8625 0-8795 
Lubricating Oil .. 33% 43% 
Specific Gravity at 60° oa 0-917 0-9313 
Specific Gravity at 60° 1-092 1-1182 
Asphaltenes de ee 5-86% 
* Esling. + Hackford. 


3. Origin of the oil—There seems to be no good reason why 
one should seek further than the strata with which the oil is actually 
associated for its source of origin. Attention has been drawn to 
the beds of marl which occur in the lower strata of the Miocene 
which are full of organic matter and distinctly bituminous. Fucoids 
have left in them abundant traces, and these are associated with 
masses of fish remains as well as other organisms. We have also 
noted that, in the cliffs of the Marathia, the lowest bed of the 
Miocene is black and bituminous where it rests unconformably 
on a floor of Cretaceous-Eocene limestones. The variations in 
the strata of this group of beds is such as to be almost ideal from 
an oilfield point of view. Porous calcareous grits occur in associa- 
tion with the marls and chalks and fine impervious clays come 
in above. The structure of the area is also favourable for accumula- 
tion. We have the strata rising for many miles from N. to S., and 
then a rather abrupt flattening which takes place in the Keri Marsh 
area. Thus we have an extensive field from which drainage and 
migration has been possible under various compelling forces and a 
distinct structure in which the moving oil would be trapped. 
Unfortunately the simplicity of this structure has been disturbed 
by later thrust movements which have caused the oil to move 
again, and to accumulate in subsidiary folds, and also some very 
evident loss by escape at the surface. 
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In dealing with the oil occurrences in Madagascar* the author 
showed that in that Island the conditions were such as to suggest 
that the volcanic dykes and plugs present may have played some 
part in the formation of oil in the associated sedimentary rocks. 
In the case of Zante there seems to be a possibility that organic 
matter present in these Miocene strata may have been converted into 
oil by pressure when the beds were being overthrust and contorted. 
Such laboratory researches as have been carried out with the object 
of ascertaining whether such changes can be caused by pressure 
seem to lead to adverse conclusions t— but is it possible to obtain 
in the laboratory conditions which can be paralleled with those 
present in a field of this description? One is inclined to doubt 
that human ingenuity can reproduce the effects of a long period of 
compression and crumpling. The author has reached no definite 
conclusion on this matter, he puts forward the suggestion for 
consideration and discussion. 

Again, we cannot, in the present stage of investigation in this 
field, entirely discard the possibility that the oil may have had a 
more deep-seated source of origin which was clearly in Sir Boverton 
Redwood’s mind. It may possibly have originated in the under- 
lying Cretaceous-Eocene limestones and may have migrated 
upwards by way of the deep-seated faults which are undoubtedly 
present in the area. We have seen that black, bituminous lime- 
stone beds occur in this series on Mount Skopos. Oil is found in 
connection with Cretaceous limestones on the mainland of Greece, 
and bituminous limestones belonging to both Cretaceous and 
Eocene are known both on the mainland and in neighbouring 
islands of the Ionian Archipelago®®. 155 Some years 
ago the author investigated an area in Thrace, in which liquid 
petroleum was present in association with Nummulitic limestones, 
though not in circumstances which would warrant commercial 
exploitation. It is, however, established that the limestones of 
both the Cretaceous and Eocene are bituminous and may be oil- 
bearing in the Grecian area and so may be regarded as a possible 
source of origin. Interesting possibilities arise from such consider- 
ations, especially in the case with which we are dealing. There is, 
however, no need to go further into this for it seems better to accept 
the more simple conclusion that the oil which has been obtained 
originated in the Miocene series in which it occurs. This conclusion 
does not, however, preclude the possibility of deeper and totally 
independent oil bearing strata being present in the underlying 
Cretaceo 


us-Eocene group. 
*J1.P.T., Vol. XV, No. 
+ Graham "and Skinner. ote on the Cuagetin of oil found in 


Proximity to certain Coalseams of North Staffordshire in relation to its mode 
of Formation. Trans. I.M.E£., Vol. LXXIIL., Part 3, pp. 349-355. 
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VI. Conctuston. 


The author is conscious of deficiencies and omissions in this 
In the circumstances some of these are unavoidable. He has 
endeavoured to give a fairly complete geological description of an 
island, which has for many centuries been of interest from an 
“oil man’s” point of view, and his excuse is that no serious 
attempt has hitherto been made to give an account of the tectonics 
and geological structure of the Island. 
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DISCUSSION. 


The President, in thanking the author on behalf of the 
Institution, said Dr. Wade had given an extremely interesting, 
instructive and well-explained lecture on the geology of the island 
of Zante. He had been particularly struck by the way in which 
the author had been able to correlate maps and pictures of scenery. 
He had not realised that Zante was a producing country. 

Judging by the rather scanty data contained in the paper, it 
would seem that the oil was similar in character to the asphaltic 
oils of Mexico. The high specific gravity of the kerosine and 
lubricating oil fractions, and the sulphur content, were indications 
as was also its possible origin from marine vegetation. 


Prof. V. C. Illing said he had wished to thank the author for 
the presentation of new data on an area about which little was 
known geologically. 

Any criticism that he would give on the paper could only be of 
a general nature, for he had no personal knowledge of the area. 
He thought, however, that he ought to make a mild protest to the 
author on one point, namely, the question of giving stratigraphical 
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conclusions without paleontological data to support them. He 
referred to it in connection with the present paper because there 
were one or two points of stratigraphical interest in which palwon- 
tological evidence was vital to the subject and this was not given. 
For instance, the Cretaceous limestones, he understood from the 
author, could be traced up to the Eocene. He would like further 
evidence on this point because transitions from Cretaceous to 
Eocene were unusual, and therefore ought to receive adequate 
treatment when they were found. In the area dealt with by the 
author it was surprising to him, he admitted. that such a transition 
should occur, for he noted that the evidence of the Miocene suggested 
shore line conditions, whereas this early Tertiary transition 
suggests rather a trough of the geosyncline. 

He had not gathered what evidence the author had for placing 
the limestones at Skopos in the Eocene. He would like to know 
whether there was palzontological evidence for this, or whether it 
was based on lithological grounds. He asked this because the 
author’s elucidation of the cross section hinged largely on this 
point. The Miocenes between the main Cretaceous-Eocene 
limestones and the Skopos limestone certainly showed a considerable 
amount of folding in those sections, but that in itself was not 
evidence of regional overthrust. Much of it could be flow of 
plastic material between rigid beds, and the speaker still felt 
unconvinced that the data submitted was not due to this feature 
rather than to broad movements of an overthrust type. Before 
Zante could fit into the picture as a part of the regional structure 
of the Agean this point woud have to be cleared up. 

Coming to the question of the oil, the speaker understood the 
author postulated a terrace of Miocene or pre-Miocene age as the 
original cause of the oil concentration. He wished to know on 
what evidence the author had unravelled the post-Miocene folding 
and got to a pre-Miocene terrace. That would require certain 
specific evidence, and he was not clear as to how the author had 
arrived at his conclusion. 

With regard to the origin of the oil, it seemed to him that it 
would not do to stress unduly the possibility of pressure as a source 
of oil and agree with the author that pressure was an unlikely 
agent to do the work. 

With regard to the possibility of oil in bulk, the author had not 
stated what thickness of Miocene cover existed in the actual 
oilfield. He would like to get an idea of the thickness of the cover, 
because that was associated with the oil possibilities. It seemed 
to him that the condition of denudation on this refolded monocline 
did not leave much hope of large oil pools. He admitted that oil 
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had been found in very curious and very involved structures on 
occasions, but hardly oil in quantity with the exposure of the 
underlying basement rocks so near the oil pool. 

Mr. T. Dewhurst said that, like Prof. Illing, he found it difficult 


to understand fully the geology of Zante, but he thought the- 


difficulties were due to two causes. In the first place, the area 

was isolated and it was difficult to fit the geology into a mental 

picture of the general geology of the region ; Zante was an isolated 
block, as it were, of a geological picture puzzle. In the second 
place, even the oldest rocks exposed on the island were only of 

Upper Cretaceous (Turonian) age, and it followed that the region 

must have undergone a long, and possibly a chequered, geological 

history before even the oldest rocks now exposed on the island 
were deposited. He desired to ask the Author whether there were 
any indications on the mainland of an old North-west-South-east 
earth movement as he suspected that the complicated structure 
near Mount Skopos was due to a recrudescence of such a movement 
in late Tertiary times. 
The principal earth movement which had affected the island was 
a South-west—North-east movement, and there had been several 
phases of that movement, the most notable of which were post- 
Eocene, post-Miocene and post-Pliocene in age. In addition, 
there might have been minor intermediate and even later phases 
of this earth movement. However, although the oldest of the 
observed phases of the movement was post-Eocene in age he 
suspected that earth movement in a South-west—North-east 
direction was initiated in pre-Turonian times. The two earth 
movements he had mentioned had probably been in operation in 
pre-Turonian times and had impressed on the region the general 
conditions favourable to the formation of oil during the deposition 
of the rocks now exposed on the island. At the dawn of Turonian 
times the geological stage was set for the enactment of the succeed- 
ing events. He was inclined to agree that, during the deposition 
of the Cretaceous and Eocene rocks, the conditions might, at 
certain stages, have been favourable for the formation of oil and he 
believed that the little oil which occurred in those strata was 
probably indigenous to the containing beds. However, he doubted 
if much oil was formed in the Zante region in Cretaceous and 
Eocene times. 

As regards the oil forming conditions, he regarded the Oligocene 
earth movement as having been very important, as he believed 
that the conditions, which in Cretaceous and Eocene times were 
favourable for the formation of a little oil, became much more 
favourable owing to changes produced by the Oligocene earth 
movement. The gypsum in the Upper Miocene showed that at 
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that time inland sea conditions obtained, and, as there was probably 
little earth movement in Miocene times, he suspected that the 
inland sea conditions were either initiated or greatly intensified 
by the Oligocene movement and that there was partial separation 
from the main sea after the Miocene trespass took place. .He was 
of opinion that the conditions for the formation of oil were most 
favourable immediately after the Miocene trespass, and therefore 
he was in complete agreement with the Author’s principal con- 
clusion that the main oil of Zante was indigenous to the containing 
strata, that is to the basal beds of the Miocene. 

In regard to the hypothesis that the formation of the oil was 
effected by pressure due to earth movement, he thought there was 
very little difference of opinion between the Author and himself. 
He suspected that the Author, in order to stimulate discussion of 
the difficult and important subject of the origin and formation of 
petroleum, had in this case erected an Aunt Sally and then could 
not resist’ having a few shies at it himself. Indeed very little 
remained of the hypothesis after the Author had finished with it. 
As stated in the paper, the hypothesis was not supported by the 
results of laboratory researches. Moreover, it was evident that 
most of the post-Miocene earth movement took place not only 
after the formation of the oil, but subsequent even to its migration 
and accummulation. 

He thought he might digress, in company with the Author, and 
state that he did not believe that igneous activity in Madagascar 
had influenced the formation of oil in that country. 

.In conclusion, he expressed the hope that the Author would 
produce another paper on the subject when he had completed the 
examination of his extensive palwontological collections. 


Mr. A. Beeby Thompson said that it was only by detailed 
descriptions of those more or less sporadic occurrences of oil which 
formed small fields that it would be possible to advance our ideas 
concerning the origin of oil. He knew Greece fairly well, and had 
had occasion to cover iong distances devoid of any manifestations 
of oil, yet now and again one would find distinct indications of oil 
and gas, or occasionally bituminous limestones. His interest in 
Zante had been specially stimulated by the fact that he transferred 
a drilling plant from Zante to Portugal twenty-five years ago, 
when one of the major oil interests had abandoned operations 
after a certain amount of unsuccessful drilling had been undertaken. 

A very interesting point brought out in the paper was that 
those sporadic occurrences of oil always occurred amidst very 
disturbed ground. Although Prof. Illing and Mr. Dewhurst had 
particularly stressed the point that pressure had nothing to do with 
the origin of oil he could not help feeling that tectonic movements 
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were not unconnected with these sporadic accumulations. He 
could refer to several cases similar to Zante. In Somaliland, for 
instance, only one small area in the Colony where very disturbed 
conditions existed gave signs of oil, and yet in that particular 
case the conditions warranted the belief that a small oilfield could 
be successfully developed. In Zante only the small region where 
the rocks were greatly disturbed seemed to give hopeful prospects, 
and along the whole strip where the Nummulitics outcropped, 
there was apparently no further noteworthy occurrence of petroleum. 
It seemed to him, therefore, that one had to attribute its presence 
to some very local circumstance, or possibly a combination of 
critical events, which caused the collection and possibly the origin 
of oil in that very restricted region. 

He was sure that it would be with a great sense of relief to many 
present to deduce from the contents of the paper that Zante was 
unlikely to loose another flood of oil on the world. To him it 
appeared perfectly astounding that a production of 40 tons a day 
should be obtained from a well at the depth mentioned. He could 
only assume that the production was not sustained, but neverthe- 
less it was very remarkable how large were the quantities of oil 
these small fields gave in a short period. He felt strongly that if 
the Institution could induce more members to come forward and 
give as good a description of small fields as the Author had given, 
they would go a long way towards elucidating some of the little- 
understood problems related to the origin of oil. 


Mr. W. H. Cadman said, that a few years ago in the Research 
Laboratories of the Anglo-Persian Oil Company at Masjid-i- 
Sulaiman, the late Prof. Hugo de Béckh had suggested to him the 
possibility of some correlation existing between the high sulphur 
content in ‘oils and the presence of gypsum, with which it is so 
frequently associated in an oil field. 

After doing a certain amount of experimental work in that 
connection in Persia, he (the speaker) had written a paper* which 
claimed to confirm Prof. de Béckh’s theory, but which was rather 
severely criticised at the time by Dr. Murray Stuart. 

Dr. Wade, in his paper, has traced the Gypsum Series in the 
Island of Zante, and its outcrops, and has given an analysis of a 
sample of the oil by Hackford, which shows it to contain more 
than 6 per cent. of sulphur. Thus Dr. Wade’s work gives further 
evidence of the possibility of there being a definite correlation of 
some kind between the presence of sulphur in petroleum and the 
occurrence of gypsum. 
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He asked the Author if the oil produced in the wells described 
was under pressure, whether it flowed freely or had to be pumped, 
and whether the gas referred to was conspicuous for high hydrogen 
sulphide content. 


Mr. T. H. R. Garrett said that it was interesting to note that 
the characteristics of the Zante Miocene oil were very similar to 
those of the Miocene oil in Rumania—the nearest producing field to 
Zante—but that; he thought he was right in saying that in Rumania 
there was only one field producing commercially frem the Miocene, 
and that the oil was a very light filtered oil. 

Although the author had said that he had not worked out the 
palzontology of these beds, he would like him to say exactly what 
he took as the limit between the Miocene and Pliocene, as there 
were very great differences of opinion in this matter. 

Mr. J. E. Hackford said the oil found in Zante was remarkable 
on account of its very high specific gravity in relation to its 
viscosity. The sulphur content was well over 6 per cent. There 
was a relationship between the sulphur content of a crude oil and 
the content of calcium sulphate in or approximate to the oil- 
bearing strata. 

The oil of Zante was one of the oldest oils of history; from a 
chemical point of view it was one of the youngest oils, the sulphur 
compounds being in a very unstable state. 

The asphaltenes contained comparatively large quantities of 
oxygen, and were nearly wholly soluble in petroleum ether, but 
were insoluble in ethyl ether. 


Mr. W. G. Weeks said that the author had referred to a thick 
series of blue clays which had been considerably contorted. He 
would be very glad if the author could tell him if he had found any 
evidence of the actual flow of those clays as distinguished from 
movement due to folding. The geological conditions of Zante 
appeared to be very similar in many respects to those of Trinidad, 
where also there were large masses of dark clays which had been 
violently contorted. In some of the wells there he had found it 
almost impossible to establish any satisfactory correlation unless 
one assumed that the black clays had actually been able to flow 
under pressure, i.e., with a superincumbent mass holding them in, 
but the pressure moving them about just as pressure on a tube of 
tooth-paste would move the paste from one part of the tube to 
another. If the author could throw any aad on that problem he 
would be very much interested. 

Dr. Wade (in reply) said that he agreed to some extent with 
Prof. Illing’s criticism on the necessity for palzontological work. 
Prof. Illing would find that his criticism had been anticipated and 
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to some extent, met in the paper itself. He felt, however, that 


there was sometimes a tendency, distinctly modern, to make a — 


fetish and bugbear of Palwontology. Without wishing to make 
out a case for careless and slipshod geological work, he agreed with 
Mr. Beeby Thompson that papers of this kind based on careful 
and, perhaps he might add, competent field work were often worth 
while. He had had occasion lately to read through many of the 
papers published by the Geological Society in its early days. Quite 
a number of these were geological descriptions based on a minimum 
of paleontological detail. The authors of these papers made 
mistakes, perhaps, but the percentage of error was, as arule, trifling, 
while the subsequent corrections made as the result of later 
palzontological work have had little or no effect upon the structural 
determinations or the general order of stratigraphical succession. 
In consequence many of these papers are of the utmost value to 
the field man. He thought it was both necessary and opportune 
to say this because he was aware of papers which could have, and 
certainly should have, been written, but the authors were afraid of 
the palezontological work for which they could find neither the 
time nor facilities. One such paper, and a very valuable one, had, 
to his knowledge, been on the stocks for nearly twenty years. 
Paleontology was becoming more and more the work for specialists 
with ready access to both museums and libraries. The geologist 
who spent most of his career in the field was handicapped in these 
directions, but what a lot of useful geological knowledge and 
information sometimes died with him. While fully aware of the 
importance and necessity for paleontological work, he thought that 
the subject was sometimes used in these days to throw a cloak of 
Aesculapian mystery round the rustic figure of Geology. 

However, the recognition of both Cretaceous and Eocene forma- 
tions as dealt with in the paper was based on paleontological data. 
Strickland recognised the presence of both formations on these 
grounds as far back as 1838, and also suggested that the overlying 
formations belonged to Miocene and Pliocene. 

With regard to the junction between the Cretaceous and the 
Eocene, the paper showed that there was a difficulty which could 
only be cleared up by further work of a palwontological nature. 
There may be a definite break between the two. The occurrence 
of Nummulites in the Windmill Hill at Keri and the difficulty of 
finding and tracing the Nummulitic beds along the margin of the 
limestone range were regarded by the author with suspicion. © 

Regarding the limestones of Skopos, the age had been determined 
as the paper showed by lithological comparison with beds of known 
Cretaceous age, both on the mainland and in other parts of the 
Island. The limestones possessed distinctive characteristics which 
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differentiated them from anything which had been observed in 
the younger formations, but facilitated identification by comparison. 
The author was in agreement with other geologists, such as Issel, 
in regarding these rocks as belonging to the Cretaceous-Eocene 
group. Palwontological work remains to be done. 

With regard to the folding in the soft beds of the Miozene, the 
conclusions arrived at by Prof. Illing were in agreement with those 
set forth in the paper. The overfolding in Skopos is, however, 
another matter. Most earlier writers referred to the complicated 
structure of this mountain mass, and had left it at that. He had 
endeavoured to unravel it, and could see no alternative to the 
interpretation of the geological section across the outcrops which 
had been shown. 

The lantern slides had shown that “ terrace” structure existed 
in the Miocene beds exposed near the oilfield area to-day. He 
also thought that such terracing began to come into being in 
Miocene times, though he had not so stated in the paper. The 
geological evidence indicated that some uplift took place in pre- 
Miocene times, and that the older limestones were present as reefs 
in the early Miocene sea. At the same time, depression was taking 
place where the thick series of deposits covering the median plain 
of the Island were laid down, and it is obvious that depression in 
this area was taking place at a more rapid rate than elevation of 
the older limestone mass. If this be so and such a state of things 
continued, as it evidently did, the beds of the Lower Miocene 
would certainly take on a terraced structure between the older 
limestone outcrop and the median plain of Zante. Anyhow, if it 
be accepted that the oil had migrated towards the limestone mass 
before the onset of the movements which distorted the soft Miocene 
strata, it is difficult to see how it could have been retained without 
the presence of some such structure. 

The actual thickness of the Miocene cover in the oilfield area 
itself is not more than 500 to 600 ft. With regard to the quantity 
of oil which could be present at such shallow depths, he referred 
to the Belle Vue field in Northern Louisiana, where, at the time of 
his visit a few years ago, wells between 200 and 300 ft. in depth 
were producing up to 6000 barrels of oil a day. 

Mr. Dewhurst asked whether there were any indications on the 
mainland of an old North-west-South-east earth movement. 
There were such indications in the folded zone of Central Greece. 
He agreed with Mr. Dewhurst that recrudescence of old movements 
was to be suspected in Zante. 

He was in general agreement with Mr. Beeby Thompson’s remarks, 
and knew of many cases which would support his idea that tectonic 
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movements were not unconnected with sporadic accumulations of 
oil. He thought that there was room for further inquiry in this 
direction. 

Mr. Cadman had raised the question of the connection between 
gypsum deposits and high sulphur content in oils. He thought he 
could leave that for Mr. Hackford to deal with. The oil in the 
Zante wells was under considerable, though not great, pressure, and 
flowed freely when wells were brought in. Later they had to be 
pumped. There is no very evident. smell of hydrogen sulphide in 
connection with the gas present. 

In reply to Mr. Garrett, he could only say that the definite break 
at the top of the Miocene succession of Zante was taken as the end 
of deposition in this period. The strata associated with conglo- 
merates and breccias above, and which lie unconformably on the 
Miocene formations, were regarded as Pliocene. Such palzonto- 
logical work as had been done confirmed this, but until further work 
had been accomplished on the fossils no correlation with the 
accepted divisions of Miocene and Pliocene could be suggested 
with any degree of accuracy. 

That flow movements as distinct from folding have taken place 
in the clay formations exposed on the Island is readily seen in some 
of the cliff sections along the coast, but he thought that flow on the 
scale envisaged by Mr. Weeks was more characteristic of the clay 
formations seen by him in Papua. 

On the motion of the President, a vote of thanks to the author 
was carried with acclamation, and the meeting terminated. 


w 
n 
n 
u 
e 
I 


Fe 


See 


37 


The Crystallisation of Paraffin Wax. Part II.* 
By E. Katz. 


In the first part of this work! the crystallisation of paraffin wax* 
was dealt with and the various forms of crystals observed, and the 
conditions under which they were formed, were characterised. 

In the present paper it is intended to show, by means of experi- 
ments and observations, the relationship between the plate and 
needle forms of paraffin crystals, and to describe the conditions 
under which they develop and can exist permanently. 

Previous workers* on the subject of paraffin wax crystallisation 
explain in various ways the relationship of both crystal forms and 
put forward differing conjectures and hypotheses with the aim of 
solving the problems of the cause of transition from one crystal 


* Paper received September 4, 1931. 
1J. Inst. Petr. T , 1930, 16, 870-888, in which the author wishes to 
make the following corrections : Page 874, para. 4, should read :— 
“4. Crystallisation in Needle Form.—If the crystal substance from dissolved 
wax is obtained from the same solution as that from which the plates 
were obtained, but saturated at a temperature of ca. 45°-50° C., crystals like 
and thus so called, are observed. In this case some plates are also 


‘age 883, lines 32-34. For “‘ Photos 34 and 35, Plate [X.,” read ‘“‘ Photo 41, 
Plater? XI.,” and for “ Photo 27, Plate VII.,” read “ Photo 35, Plate Ix.” 
Line 40: for “cut off” read “taken off.”’ 
2In their work on “ Properties and Structure of Paraffin Waxes and 
Ceresines,” Sachanan, Zherdeva and Vasilyev (Nat. Petr. News, 1931, 23, 
(16), 49-52 ; (17), 68- 70 ; (18), 51-53 ; (19), 71-74) define the products obtained 
by normal manufacture. ., t.€., by common filtration and sweating, as paraffin. 
product obtained by special methods of dewaxing, ¢.g., centrifuging, 
filtration with filter pa A settling, etc., is defined as ceresine. The material 
used in the present work is regarded as paraffin, in the sense eo defined. 
The crystallisation of ceresine, as thus defined, was observed in the — 
work to proceed in a different manner to that of paraffin wax as described 
Parts I. and II. of this paper. ——S from differences not dealt with bens; 
the chief difference is the absence of the needle form of crystal which is charac- 
teristic of paraffin wax (see later). 
* Carpenter. ‘The Physical and Chemical Properties of Paraffin Wax.” 
J. Inst. Petr. Techn., 1926, 12, 288-315. 
Padget, Hefley and Henriksen. ‘‘ Wax Crystallisation.” Ind. Eng. Chem., 


” 


1926, 18, 832-835. 
and Graves. Petroleum Waxes.” Ind. Eng. Chem., 1927, 
A 8-724. 
Rhodes, Mason and Sutton. “ Crystallisation of Paraffin Wax.” Ind. 
Eng. Chem., 1927, 19, 935-938. 
tion of Paraffin.” 


‘anak, Kobayashi and Ohno. “ Studies on Crystallisa’ 
J. Fac. Eng., Tokyo, 1928, 17, 275; J. Inst. Petr. Techn., 1929, 15, Abstr. 


~ 152. 
urrell. “ Composition and Properties of Wax." Oil and Gas J., 1928, 


27 ( 130. 
t. “The Crystallisation of Petroleum Wax.” Petr. Eng., 1931, 


a Ne 4, 80-84. 
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form to another, the conditions under which this change occurs, 
and the conditions necessary for the permanent existence of any 
particular crystal form. 

Ferris, Cowles and Henderson‘ made observations different from 
those of other workers. They note that paraffin consists of single 
(individual) groups of components differing from each other in 
crystalline form. The plate component retains its crystal form 
through the varying conditions during its crystallisation, and the 
needle component acts in a similar way. The authors reject the 
theory that the viscosity of the solvent forming the mother liquor, 
the conditions of cooling, or the concentration of the paraffin in 
the solution, influence the form of crystal arising from the crystal- 
lisation, and they regard the crystal form as being to a great extent 
determined by a certain component of the paraffin. 

While studying the differences between the crystallisation of 
paraffin wax and of ceresine, a similar factor influencing the 
crystallisation was observed and is attributed to differences of 
chemical composition. Ceresine does not. show a needle form of 
crystal, but crystallises in plates or similar forms only, independent 
of conditions. It can be said, in agreement with the observations 
of Ferris, Cowles and Henderson, that ceresine belongs to the group 
of paraffin products which crystallises in a given form independent 
of conditions. 

During the present work the existence of particular groups of 
components possessing always a crystal form characteristic of 
them was not observed. It was seen that the course of the 
wax crystallisation process, i.e., the development of any particular 
crystal form, depended only on the concentration of paraffin in the 
solution and the temperature at which crystallisation began. 

The observations of Sachanen, Zherdeva and Vasilyev® that 
paraffin does not crystallise in plates or needles, but in strips, and 
that ceresine crystallises in the needle form, do not agree with the 
observations made during this work. It should be mentioned here 
the present author (like others) describes as a needle that crystal 
form which develops according to the scheme described in Part I. 
(Figs. 4 to 13), and also the long worm-shaped crystals of the soft 
paraffin wax (Part I., Photos 45 to 48, Plate XII.). Although the 
delicate filaments and pieces can easily be mistaken for needles 
(see Photos 1 (a), 2 (a), and 3, Plate I.), the revolving table of the 
petrographic microscope shows their real form to be different 
shapes of foliated or laminated masses (Photos 1 (6) and 2 (6), 
Plate I.), very often mutually intergrowing as in Photo 2. From 


* “ Composition and Crystal Forms of the Petroleum Waxes.” Ind. Eng. 
1931, 23, 681-688. 
5 loc. cit. 
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the point of view of their development and structure, they are 
plates. When a plate, by some cause affecting its deposition, 
grows faster in one direction than in the other, it gives a shape like 
a needle or strip, but nevertheless remains a plate and behaves 
as a plate during manufacture (filtration and sweating). 

It was noticed that the crystals (e.g., from paraffin of 50°C. 
melting-point) developed from dilute solutions, i.e., forming and 
growing at lower temperatures (about 20°C.) have the foliated or 
laminated form of plates, and this form remained throughout the 
whole crystallisation process until the formation was complete. On 
the other hand, it was observed that the crystals from concentrated 
solutions, i.e., solutions from which crystallisation starts at higher 
temperatures (for this grade of paraffin, at about 47°C.), are at 
first in the form of a plate, but this form soon changes into, and 
remains throughout the process as, that of a needle. The product 
resulting from crystallisation of such solutions always appears as a 
mass of needle crystals. 

In order to explain these phenomena, the crystallisation of 
paraffin from solutions of gradually increasing concentration was 
systematically examined. The paraffin fractions used were those 
mentioned in Part I., Tables 1 to 5, and reference will be made to 
these. 

It was observed that as the concentration of the solution is 
increased, a point is reached, at a definite saturation temperature,*® 
at which plates cease to exist and the needle form of crystal begins 
to appear. This form is obtained continuously with increasing 
concentrations up to 100 per cent. of paraffin, and also during the 
cooling of melted pure paraffin. The finished solid paraffin, 
therefore, always has a needle structure (see also Part I., para. 7, 


page 877). 


* The saturation temperature was taken as the temperature at which, on 
cooling the solution, a cloud caused by paraffin crystals separating was first 
observed near the bulb of the thermometer with which the solution was 
stirred in a small vessel. If a dark oil is used as the solvent, the observation 
of this point is difficult (Sullivan, McGill and French : “‘ Solubility of Paraffin 
Wax in Oil.” Ind. Eng. Chem., 1927, 19, 1042-1045). Cooling even in small 
vessels is not uniform, and vigorous stirring when the temperature is near the 
saturation or solidifying point, causes air bubbles, which make the observa- 
tion difficult. 

The following method was therefore used in this work; a small-bulb 
thermometer was immersed in the warm solution and removed with a small 
drop of the solution on it. The thermometer was then revolved swiftly and 
a thin film of the solution made on the bulb. During continued revolving, 
the reflection of light from the bulb was observed and, when the tfeflection 
began to cloud, the temperature was taken as the saturation temperature. 
This determination was repeated several times. 

The saturation temperature is about 2° to 4° C. above the solidifying point 
of the solution, depending on the concentration (Sachanen, “ Ueber die 
Léslichkeit des Paraffins und die Erstarrung der Paraffinhaltigen Produkte.” 
Petroleum, 1925, 21, 735-740). 
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In order to crystallise paraffin in the form of needles from a 
solution, a certain concentration is necessary in relation to the 
saturation temperature corresponding with this concentration. 
The concentration at which plates cease to exist and needles begin 
to form is called the concentration of change, and the saturation 
temperature at this concentration the temperature of change. In 
other words, the temperature of change is the saturation tempera- 
ture of a paraffin solution, which must be obtained (e.g., by increas- 
ing the concentration) if it is desired to pass from the plate sphere 
to the needle sphere to obtain needle crystals. 

The values of concentration and temperature of change can be 
determined with great accuracy, as the characteristic percentage 
of paraffin in a solvent is related to the characteristic temperature 
at which the paraffin begins to separate. 

The change from one form to the other is clearly observed, the 
limits of difference being about 0-5 to 1-0 per cent. concentration, 
with the corresponding difference in saturation temperature. 

If a paraffin fraction of 51-6° C. melting-point (Part I., Table 2, 
Fraction 4) is dissolved in kerosine, the concentration being 
increased gradually, and the crystals formed on cooling (after each 
time the paraffin has been completely dissolved by heating), are 
examined, it will be seen that the needle form of crystal first appears 
when the paraffin content is 67 to 68 per cent. of the solution. All 
the crystals obtained from concentrations below this figure are of 
the plate form.’ The concentration of 67 per cent. of paraffin 
(the fraction above) in kerosine corresponds with a saturation 
temperature of 46° C., and 68 per cent. with 46-4°C. The concen- 
tration of change for paraffin of 51-6° C. melting-point and kerosine 
is, therefore, between 67 and 68 per cent., and the temperature 
of change for this paraffin is between 46° and 46-4° C. 

Photo 4, Plate II., shows crystals of paraffin wax of 56-4°C. 
melting-point (Part I, Table 3, Fraction 3) obtained from a solution 
of 66 per cent. in kerosine, while Photo 5 shows crystals of the same 
paraffin from a 70 per cent. solution. Photo 6, Plate II., shows 
crystals from an Asiatic wax of 54°C. melting-point (Part I., 


’ It must be noted here, as already mentioned, that the plate crystals can 
easily be mistaken for needles, Seen in the mother liquor, the floating crystals 
oqrees as thin filaments resembling thin needles (Photos l(a), 24) and 3, 
te I.), but when examined under the mic roscope in polarised light their 
true structure is seen (Photos 1(b) and 2(b), Plate 
If the plate crystals are very thin and are laying parallel to the surface of 
the table, they are often, when observed in polarised light, isotropic (Rhodes, 
Mason and Sutton, loc. cit). If the revolving table does not show their true 
structure, the preparation under observation must be thickened (e.g., observed 
in drops) so that the crystals lie in different planes and can be recognised as 
plates. It is possible to identify the true a of the crystal by macro- 
observation with practice. 
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I. 


Fig. 1. 


Ceresine, m.-pt. 72° C., obtained from heavy 

supervacuum oil-wax distillate by special 

dewaxing method, crystallised from petroleum. 

(Boryslaw crude—distillation at about 2 mm. 

Hg. abs.) (a) ord. light; (6) pol. light. Magni- 
fication about 280. 


~ 


> 


Fia. 2. 


Ceresine as Photo 1. Crystallised from carbon 


disulphide. (a) ord. light; (6) 
Magnification about 350. 


Fic. 3. 


Ceresine as above, crystallised from aicohol. 
Ord. light, magnification about 280. 


pol. light. 
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Puate II. 


Fic. 4. Fie. 5. 
Paraffin wax, m.-pt. 56.4° C., crystallised from Paraffin wax, as Fig. 4, crystallised from kerosine. 
kerosine. Content of paraffin, 66 per cent. Content of paraffin, 70 per cent. Pol. light, 
Pol. light, magnification about 280. magnification about 280. 


Fic. 6. 
Paraffin wax, m.-pt. 54°C. (Asiatie origin), 
crystallised from kerosine. Pol. light, magnifica- 
tion about 280. (a) below, and (6) above, the 
concentration of change. 
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Table 5, Fraction 9) in kerosine, (a) being from below the concen- 
tration of change, and (b) from above this point. 

These observations are illustrated in Figs. 1 and 2. Fig. 1 gives 
the concentration of change of different paraffin fractions in various 
solvents as curves. The left of each curve represents the field of 
crystallisation in the plate form, and the right that of the needle 
form. The temperature of change for each grade in the different 
solvents is given in °C. beside each particular point. 
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PERCENTAGE OF PARAFFIN WAX IN SOLUTION. 


It will be seen that, using as the solvent a lubricating oil having 
a viscosity of 22° E, at 50°C., the concentration of change of a 
paraffin of 51-6° C. melting-point is at about 49-5 per cent., corre- 
sponding with a temperature of change of 46-3°C. With kerosine 
as the solvent, the concentration of change is 67-5 per cent. 
(temperature of change 46-4°C.), and with benzole 84 per cent. 
(temperature of change 46°C.). All these temperature values are 
within the range of 46° to 46-4°C., which is the temperature of 
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change of solutions of 51-6°C. melting-point, paraffin wax in 
lubricating oil having a viscosity of 22° E. at 50° C. (49-5 per cent.), 
in lubricating oil having a viscosity of 6-4° E. at 50° C. (52 per cent.), 
in kerosine having a sp. gr. of 0-820 (67-5 per cent.), in technical 
benzole (84-5 per cent.), and in normal Kahlbaum benzine (85-5 
per cent.). 

Therefore, in order to obtain the needle form of crystal from a 
paraffin, it is necessary to prepare a solution having a saturation 
temperature higher that the temperature of change of the paraffin. 


70° 
od 
30°}— 
& 
er 
co 
10 = 20 30 40 50 60 70 80 
Percentage of Paraffin Wax in solution. 


Fig. 2. 
PARAFFIN WAX, 56.4° C. M.-PT, 


Solutions having a saturation temperature below the temperature 
of change of the paraffin will yield the plate form as a permanent 
crystal. 

Table 1 also illustrates the above, the sample referred to being 
the same paraffin fraction and the development of both crystal 
forms in different solvents being examined. 

It is clear that when a certain paraffin fraction is dissolved in 
various solvents having different degrees of solubility of paraffin, 
there is a different concentration of change for each solvent at the 
same temperature of change. Each grade of paraffin, when 
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crystallised from different solvents, has, therefore, approximately 
one constant temperature of change, but has different values for 
its concentration of change, the latter being dependent on its 
degree of solubility in the solvent used. 

The difference between the two saturation temperatures, #.e., the 
highest temperature at which plate crystals originate and the 
lowest at which needles are formed, is, as already mentioned, small 
and in the region of 0-2 to 0-6° C., corresponding with 0-5 to 1-0 per 
cent. difference in the paraffin content of the solution. The values 
of the temperature of change for each particular grade of paraffin 
are also within the limits of about 0-5° C., the corresponding concen- 
tration of change varying within the limits of about 1 per cent. 
The conditions under which the difference of crystal form can be 
most accurately observed without entering upon the initial stage 
of the second form are described above. In some solvents the 
change of form can be seen with smaller differences, e.g., 7-7 per 
cent. of a 62-6° C. melting-point wax (Part I., Table 4, Fraction 10) 
in m-cresol gives plates, and 8-2 per cent. gives needles. 

From Fig. 1 it will be seen that for the medium and heavy 
fractions of paraffin the concentration of change in any one solvent 
is approximately the same for each grade of paraffin, but that the 
temperature of change differs with each grade. Only the soft 
paraffins (those examined had m.-pts. of from about 46°C. to 
37°C.) have a characteristic concentration of change for each 
grade. This is particularly noticeable when a lubricating oil of 
high viscosity is used as the solvent. 

The characteristic value for each fraction is not, therefore, the 
concentration of change, but the temperature of change correspond- 
ing to it. It is only for the soft paraffins that the concentration 
of change is a characteristic value. 

Fig. 2 illustrates also the relationship of the plate to the needle 
form, the curves showing the dependence of the saturation temper- 
ature of the solution on the paraffin content in a given solvent. 
The 56-4° C. melting-point paraffin (Part I., Table 3, Fraction 3), 
was selected as an example, using in succession as solvents, lubri- 
cating oil of 13-6° E. at 50° C., lubricating oil of 3-6° E. at 20° C., 
kerosine, carbon tetrachloride, benzole, nitro-benzole, m-cresol. 
The concentrations of change (marked with arrows) closely corre- 
spond for most of the solvents with one temperature of change, 
i.e., about 50°C. (+ 0-5° to 0-8°C.). With such solvents as 
cresol, nitro-benzole, this temperature is a little higher. 

From the figures it will be seen that the temperature of change 
for particular fractions of paraffins is, in the case of medium and 
heavy fractions, about 5° to 7°C., and for soft fractions about 
10° C., lower than the melting-point of the wax used. 
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Taking a solution of paraffin in a solvent (lubricating oil or 
kerosine) from which it crystallises above its temperature of change 
or above its concentration of change for the particular solvent, 
and therefore in needle form, the temperature of change of the 
paraffin can be ascertained by adding the solvent gradually and 
examining the crystals which separate. By adding 5° to 10°C. to 
the temperature of change (depending on whether the saturation 
temperature corresponding with the temperature of change shows 
it to be a hard or a soft paraffin (Fig. 1)).a value corresponding 
approximately to the melting-point of the paraffin in the solution 
is arrived at. 

Carpenter® describes a similar transition temperature at which 
the crystal form changes at about 10° to 15° C. below the melting- 
point of the paraffin, and Buchler and Graves® also find a similar 
change in connection with concentration of “soft wax impurity.” 

As mentioned in Part I., observation of the crystals separated in 
the range at which needles form will sometimes also show the plate 
form. This can be explained as follows. 

If, for example, a paraffin faction of melting-point 59-4° C. 
(Part I., Table 4, Fraction 3) is dissolved in kerosine, the concen- 
tration of change being 66 to 67 per cent., corresponding to a 
temperature of change of 52° C., crystallisation by cooling a solution 
containing 68 per cent. paraffin and 32 per cent. solvent should 
result in needle formation as far as a concentration of 66 to 67 per 
cent. After passing this transition point, separation of plates only 
would be expected. Actually the following observations were 
made. 

Solutions of the fraction in kerosine were prepared as follows : 
(i.) 60-2 per cent. paraffin, saturation temperature 49-8°C., 
crystallisation in plates; (ii.) 64-5 per cent. paraffin, saturation 
temperature 51° C., crystallisation in plates; (iii.) 66-3 per cent. 
paraffin, saturation temperature 51-5° C., crystallisation in plates ; 
(iv.) 67-2 per cent. paraffin, saturation temperature 52° C., crystal- 
lisation in needles (Table II., A. I. to IV.). The last solution (iv.) 
was submitted to slow crystallisation at room temperature, the 
solution being stirred continuously (B). When the temperature of 
the solution reached 46° C. the crystal mass was quickly separated 
by filtration (C) and a filtrate (D) obtained which had a saturation 
temperature of 45-5°C. This filtrate was cooled slowly to room 
temperature (about 20°C.) and the crystals examined (E). The 
crystals were perfectly shaped needles similar to those given by the 
initial solution. 


8 loc. cit. 
® loc. cit. 
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Taste IT. 
Solution. 
Paraffin Wax, Saturation 
m.-pt. 59-4°C. Kerosine. temperature. 
er cent. Per cent. °C. form. 
| os 60-2 39-8 49-8 Plate. 
Res 64-5 35-5 51-0 Plate. 
Til. 66-3 33-7 51-5 Plate. 
IV. od oh 67-2 32-8 52-0 Needle. 


B, Solution IV. crystallised at 
room temperature. 


C. at 46° C. 


Crystal D. Filtrate. 


mass, Saturation 
temperature, 
Cc 
E Cooled 
at room slowly to 
temperature 20° C. 
Crystallised 
in needles 
F, at 38° C. 
| 
Crystal G. Filtrate. 
mass, Saturation 
temperature, 
Cc. 
H. Cooled 
slowly to 20° C. 
Crystallised 
in plates. 


A needle form has therefore been obtained from a solution having 
a saturation temperature of 45-5° C., while the primary solution of 
the paraffin fraction gave, at its saturation temperature of 51-5° C. 
plate crystals. 

The needle crystal, therefore, does not cease to form during 
crystallisation on transgressing the value of the concentration 
of change corresponding with the temperature of change, but 
makes its appearance at lower temperatures, and even at saturation 
temperatures of this solution at which the initial paraffin gives 
plate crystals.” This explains the relatively small quantity of 


10 It is immaterial from which side the concentration in relation to the 
temperature of change is transgressed, as by increasing the paraffin content 
to over 67 per cent. for the case quoted needles are obtained, and by decreasing 
the concentration, by adding kerosine, plates are obtained. 
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plates formed in the crystal mass separated from solutions cooled 
in the range of needle crystal formation. That a certain quantity 
of plates are formed at the end of the crystallisation process, as 
mentioned in Part I., and by other authors, is confirmed by the 
following observations. i 

The remainder of the filtrate (D) was cooled and filtered at 
38° C. (F), the resulting filtrate (G) having a saturation temperature 
of 38° C. and giving plate crystals (H). 

Similarly, a paraffin fraction having a melting-point of 54°C. 
(Part I., Table 3, Fraction 2) was crystallised, the following 
solutions being prepared : (i.) 64 per cent., saturation temperature 
45-6° C., crystallisation in plates; (ii.) 66-8 per cent., saturation 
temperature 46-6°C., crystallisation in plates and intermediate 
forms (transition stage) ; (iii.) 68-2 per cent., saturation temperature 
47° C., crystallisation in needles. (Table III., A. I. to III.) The last 
solution (iii.) was cooled to 40° C. during constant stirring (B) and 


Taste III. 
Solution. 
Paraffin wax, Saturation 

m.-pt. 54°C. Kerosine. temperature. Crystal 

Per cent. Per cent. 3 form. 

64-0 36-0 45-6 Plate. 

Il. 66-8 33-2 46-6 Plate. 
68-2 31-8 47-0 Needle. 


B. Solution III. crystallised at 
room temperature. 
C. at 40° C. 


Crystal D. Filtrate 


mass. Saturation 
temperature, 
Cc 
Crystallised E. dooted 
at room to 20° C. 
temperature Crystallised 
in needles. 


F. Filtration 34-7° C. 


Saturation 
temperature, 
34-5° C. 


H. Cooled 
slowly to 20° C, 
Crystallisation 
in plates. 


| 
Crystal G. Filtrate. 
mass. 


i! 
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rapidly filtered (C), the filtrate (D) having a saturation temperature 
of 39-2° C. and crystallising in needles (E). The remainder of this 
filtrate was cooled to 34-7° C. while being stirred, and filtered, the 
resulting filtrate (G) having a saturation temperature of 34-5° C. 
and crystallising in plates (H). 

It is seen that by such fractional decreasing of the paraffin 
concentration in the solution, plate forms of crystals are obtained. 
It is difficult, therefore, to suppose that a substance exists, a certain 
concentration of which is necessary for producing needles, as has 
been previously suggested. The filtrate (D), obtained from the 
primary solution at a temperature below the temperature of change 
of the paraffin used, crystallised in needles, although the concentra- 
tion of the wax had been decreased by the separation of the heavier 
fractions. (The “soft wax impurity ” of Buchler and Graves"). 

Rhodes, Mason and Sutton” also observed the formation of plates 
at the end of the crystallisation process, after the crystallisation in 
needle form, which was proceeding in accordance with the present 
observations. These authors state that the mutual relationship of 
plates to needles in a cooled crystal mass is dependent on the 
conditions of cooling. 

Referring to Fig. 1, it will be seen that soft paraffin waxes require, 
as the melting-point falls, less and less concentration of solution 
for the deposition of needle crystals. 

It must be realised that in a not too narrow fraction, containing 
the lighter and heavier paraffins, the phenomenon of mutual 
solution is found, i.e., the individual components of the fraction 
are solvents for each other.* Therefore, while the crystallisation 
of the solution is proceeding, there are also occurring changes of 
concentration of individual components, and these changes conse- 
quently affect the development of particular crystal forms. 

It would seem to be probable that exact quantitative relation- 
ships are involved and affected by the composition of the paraffin 
(narrow fraction, broad fraction, abnormal fration, i.e., one 
consisting only for example of hard and soft paraffins, and also 
greatly varying proportions of these components of paraffin).4 
The phase rule is applicable to these conditions. 


1 Joc. cit. 

#2 Joe. cit. 

13 Myers and Stegeman. “ Solid Solution Formation in Mixtures of Paraffin 
Waxes.” Ind. Eng. Chem., 1928, 20, 638-641. 

14 Therefore, different paraffin fractions, although having identical melting- 
points, will certainly have different values for concentration of change respec- 
tively for temperature of ch . Figs. 1 and 2 do not give values generally 
applicable to fractions of differing constitution. The described fractions 
used in this work show the mutual relationship of the plate and needle crystals 
and the conditions under which they develop on the application of different 
solvents. 
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For their explanation, the phenemona observed require a 
systematic study of all the possibilities and conditions mentioned, 
and this work is being proceeded with. 

Summing up the observations made in this present paper, it may 
be said that :— 

The permanent existence of plate crystals is possible only in 
solutions in which the paraffin concentration is below the concen- 
tration of change for the particular grade of paraffin and the 
particular solvent respectively in solutions, the saturation tempera- 
ture of which is below the temperature of change, which is about 
5° to 10° C. below the melting-point of the paraffin in the solution. 

The development of needle crystals is possible only in solutions in 
which the paraffin concentration is greater than the concentration 
of change for a given grade of paraffin and a given solvent respec- 
tively in solutions, the saturation temperature of which is above 
the temperature of change of the paraffin fraction. 

To obtain needle crystals from a solution from which the paraffin 
crystallises in plates, it is necessary either to increase the paraffin 
content to the concentration of change or a little higher or, by 
adding a solvent which dilutes the paraffin to a lesser degree, 
increase the saturation temperature of this solution to above the 
temperature of change. 

The value of the concentration of change for a given paraffin is 
dependent on the grade of the paraffin and on its solubility in the 
solvent used. 

The value of the temperature of change depends only on the grade 
of paraffin used and is about 5° to 10° C. below its melting-point. 

The plate crystals found in the range of needle crystal formation 
are not permanent and exist only in the first stages of crystallisation, 
being the initial form of a crystal which soon changes to the 
permanent needle form. Under certain conditions, plates and 
needles can both develop as permanent forms. 

The development of permanent plate crystals is possible in the 
range of needle formation only in the more advanced stages of 
crystallisation, i.e., towards the end. This appearance, as also the 
quantitative relationship of permanent plates to needles in the 
needle zone, is probably controlled by the properties of the paraffin 
fraction used (broad or narrow) and by the proportions of the 
individual components of the fraction. 

In the range of plate crystal formation needles do not occur, the 
plate being the permanent form. ° 

In the crystal development there is only one direction of paraffin 
wax crystallisation, i.e., from plate to needle, never vice versa. 

E 
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Considering these observations there are certain indications 
applicable to the rational manufacture of paraffin semi-refined 
products into finished wax. It is observed that the separation of 
oil from wax (oil-wax distillate) in the filter-press ancl by subsequent 
sweating gives better results when the crystals are in the needle 
form,!5 and it is important to know the exact conditions under 
which this form develops. 

If, for example, an oil-wax distillate containing 18 per cent. of 
wax, and thus crystallising in plates, is passed through a filter-press 
and the slack wax sweated without previous melting, it is found 
that the results are not so good as if the slack wax had been melted 
before sweating. The slack wax from the filter-press is composed 
of plate crystals, but if it is melted and cooled the crystals separate 
in the needle form and it is in an advantageous condition for 
sweating. 

An oil-wax distillate of about 18 per cent. wax content, as above, 
which crystallises in the plate form, can be made to crystallise in 
the needle form by the addition to the distillate of a suitable 
quantity of a solvent which dilutes the paraffin to a lesser degree. 
Thus, the saturation temperature is brought above the temperature 
of change of the wax in solution, and the slack wax has, without 
-being melted, a needle structure. The solvent used may, ¢.g., 
be cresol.!® 

In the first part of this work, the examination of the development 
and the growth of needle crystals showed that the process is probably 
caused by abnormal crystallisation. Similar appearances are often 
observed. 

Lehman” describes bodies, the crystallisation of which does not 
proceed according to the general rules of crystallography. With 
some compounds, for instance, the crystals bend and twist during 
crystallisation in such a way as to give surfaces which do not 
occur in the normal process of crystallisation. The process 
described in the first part of this work is similar and, no doubt, 
paraffin wax crystallisation, in view of the transition from plates 


15 Pyhala. “ Die praktische Bedeutung der verschiedenen Kristallformen 
des Paraffins bei der Paraffinfabrikation,”” Chem. Met. Zeit. die Metallboerse, 
1929, 2134-2135, 2248-2249; ‘Die nadelfoermigen Paraffin-Kristalle und 
ihre Bedeut fuer das schottlaendische Schwitzverfahren bei der Paraffin- 
fabrikation,” Petroleum, 1909, 4, 1392; “ Practical Experiments on Sweating 
Paraffin,” Refiner, 1930, 9 (9), 92-98. 

‘6 Polish Patents applied for, 1928 and 1929. 

“Die neue Welt der fliissigen Kristalle,” Leipzig, 1911, p. 149. A 
similar fact is here stated, namely, that observing the crystallisation of 
ammonium nitrate and other soft crystals, ha ee with high-concentrated 
solutions, Lehman has noticed the growing of crystals in curved plains. 


: 
a 
I 
] 
‘ 


KATZ : CRYSTALLISATION OF PARAFFIN WAX. 51 


to needles, is proceeding abnormally and the needle forms are 
abnormal crystallographic forms.!* 

An agent that would cause this abnormality in crystallisation has 
not yet been found, but it may be that the cause is hemimorphism 
of plate crystals'® appearing in concentrated solutions. It is also 
possible that the capillary constant plays a part in the crystallisation 
of those soft crystals. 


Summary. 


The conditions under which the plate and needle forms of paraffin 
wax crystals are developed and exist are given; and the mutual 
relationships of both forms of crystal are examined. 

The concepts of “ concentration of change ” and “ temperature of 
change” are intréduced, and are regarded as being determining 
factors of the formation of one or other crystal form, . 

The development of the needle form is compared with analagous 
cases in the abnormal crystallisation of other bodies. 

The author desires to record his thanks to Prof. Dr. 8. Pilat, 
who has made valuable suggestions during the course of the whole 
research, and to the Petroleum Syndicate of Lemberg for samples 
of Asiatic paraffin wax for comparison with the Polish samples. 


Laboratory of Petroleum Technology, 
Lemberg, Poland. 
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Oil Well Cementing. 
Effect of Mud Admixtures with Cement and Cemient Grouts. 
By A. Rem (Associate Member). 
Previous Work. 


Certain U.S.A. workers have commented on the effect of 
admixtures of Rotary Mud on the tensile strength of cement. 
Their conclusions are given by Doherty and Manning in the Oil 
and Gas Journal for September llth, 1930. Among these con- 
clusions those of general interest may be re-stated. (It will be 
remembered that these apply most especially to Gulf Coast 
conditions.) 

1. Small amounts of drilling mud are capable of doing con- 
siderable damage. 

2. Other things being equal, equivalent mud contamination does 
more harm in a thin mix than in a tight mix. 

3. Small amounts of mud seem to prevent setting of the cement, 
hence the cement is very weak and highly porous. 

4. Carbonation and mud contamination are so closely associated 
that the carbon dioxide may be suspected of being dissolved in the 
mud, 

5. Carbonation takes place only through moist contact of carbon 
dioxide with the calcium hydroxide of the cement. 

6. Extensive carbonation is impossible in a properly mixed and 
set cement. 


A very interesting table given by these workers is here repeated : 
Effect of Mud Contamination on Tensile Strength of Neat Cement. 


Pounds Tensile 
Per cent. Per cent. per sq. in. Strength 

No Mud. Water. 1 day. 3 days. 
ia: 15 ae 50 os 38 oe 100 
10 50 ee 55 158 
4 3 os 50 os 83 ee 175 
5 1 ee 50 ee 88 ee 188 


Previous Work In Burma FIELps. 
Some work on mud and cement mixtures was carried out in 
1926, the report on which is as follows :— 
“ Briquettes ” (gauged 66 parts by weight of mud or water to 
100 parts cement) were made with a good Portland Cement, using 
several different mud fluids or tap water as gauging liquid. The 
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results show that they have no bad effect even under these condi- 
tions of high dilution. 
: Tensile strengths, lbs. per sq. in. 
Dilution 66 parts fluid to 100 parts cement by weight. 


Gouging One day Three days Seven days 
under water. under water. under water. 
Mud from clay wr 285 360 415 
B 270 370 430 
Cc 290 355 400 
D 275 350 420 
E 270 360 430 
Tap water -- 150 360 410 


Note.—(In the above it must be remembered that, as the sp. gr. of the muds 
was 1.2, the actual amount of water present was less in the case of the muds 
than in the case of tap water ; it has, however, been found here before that a 
little mud in the gauging liquid sometimes increases the early tensile 
somewhat). 

No other records of other experimental work with mud on cement 


were found. 
Present Work. 


The present work was in two sections :— 

(a) Experiments with clays on the same lines as those recorded 

above. 

(6) Experiments on the lines of Doherty and Manning (vide 

supra). 
First OF EXPERIMENTS. 

Briquettes were made by gauging 66 parts of 75 Ibs./cu. ft.mud-.fluid 
with 100 parts cement by weight. The tensile strengths after one 
day, three days and seven days were determined in the usual manner. 

Eight different clays were used. In one series of experiments 
the mud fluid was treated with 0-2 per cent. by weight of water- 
glass of specific gravity 1-5. Results are given in Table 1. 

Taste I. 


Effect of mud on tensile strength of cements. 
Briquettes made from 66 parts o/ 75 Ibs./cu. ft. mud fluid to 100 parts cement 


by weight. 
Tensile strength in Tensile strength in 
Ibs./sq. in 66 parts fluid Ibs./sq. in 66 parts fluid 
y used in to 100 parts cement to 100 parts cement 
making the grout. (untreated). (mud treated with 0.2% 
sodium silicate). 
After After After After After After 
l day. 3days. 7 days. lday. 3days. 7 days. 
Sample 278 387 474 290 485 507 
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These results bear out the conclusions previously reached but, as 
will be clear, have only a limited applicability. In actual practice 
cement mixed with water may come in contact and be mixed with 
mud. These conditions are roughly met in the second series of 
experiments which will be described later. 

In passing it is of interest to note that on the whole the presence 
of water-glass in the mud leads to a slightly higher strength of the 
cement and mud mix. It would seem that the contamination of 
cement by mud is rather less serious if the mud contains water- 


Srconp oF EXPERIMENTS. 


In this series briquettes were made as follows :—Cement grouts 
containing 40 per cent. of water by weight were made up. Varying 
quantities of 75 lbs./cu. ft. mud were then added and the whole 
stirred thoroughly for five minutes. The tensile strengths of these 
mixtures after one and three days was determined. Results are 
given in Table 2 and graphically expressed in Figure 1. 


NSN ——— Tensile Strength after 1 day 
Tensile Strength after days 
300 
| 
>= 
OS Wang 
4 
i 
100 
0 50 100 150 200 
Percentage of Mud by Weight of Cement Slurry. 
Fig. 1. 
EFFECT OF AN ADMIXTURE OF ROTARY MUD ON THE TENSILE STRENGTH 
OF CEMENT. 
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II. 
Percentage of 
75 Ibs./cu. ft. mud Tensile Strength in Ibs./sq. in. 
by weight of x after 
40% grout. 1 day. 3 days. 

% 
1 210 320 
2 178 301 
3 174 271 
4 170 261 
5 167 278 
6 158 260 
7 141 272 
8 125 279 
9 141 275 
10 135 ~ 257 
ll 132 225 
12 130 242 
13 108 212 
14 107 217 
15 92 168 
16 101 193 
17 80 236 
18 80 191 
19 72 220 
20 56 175 


has produced the losses of strength recorded. When mud is added 
to a cement grout the cement/water ratio falls. Tensile strength, it 
has been found, deceases with decreases of cement/water ratio. 
Nevertheless the presence of mud is seen to be deleterious to the 
strength of cement. The presence of mud too seems to increase 
the porosity of the cement. So far no estimation of the porosity or 
permeability has been attempted, but it is proposed to attempt 
this later. 
COMMENTS. 

While the deleterious effect of mud additions to cement is preved 
there is obviously room for much more work. The following 
might be investigated amongst other things :— 

(a) The effect of hot muds on cements at temperatures up to 

150° C. 

(6) Effect of barytes, lime, water-glass and soda ash present as 

constituents of the mud in a cement-mud admixture. 

(c) The precise effect of carbonation on the tensile strength of 

cement. 

(d) The porosity and permeability of cement and mud admixtures 

(e) The effect of agitation on cement and mud mixes. 

(f) The action of gas on cement and mud mixes. 

This paper is published by courtesy of the Burmah Oil Co., in 
the hope that it will stimulate the interest of cement manufacturers 
in Oil Well Cementing Problems. 
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Extinguishing and Controlling Fire on Bell and Graddy’s 
No. 1 Daniels, Kilgore, Texas.* 


By E. Strantey Durwarp (Member). 


Before proceeding with the detailed description of the methods 
and equipment used to extinguish the fire and control the wild 
Bell and Graddy Well at Kilgore, Texas, it would be well to, first 
of all, make a few observations on what would appear to the writer 
to be general principles upon which the method of extinguishing 
should be based. 

Two general principles are usually followed in extinguishing an 
oil-well fire, as follows :— 

(1) The fire is extinguished and the well is brought under 

complete control with one operation. 

(2) The fire is first extinguished with one set of operations and 

then the well is brought under control with a second set of 
operations. 


It will be obvious to everyone that, if possible to accomplish, the 
first method is by far the more preferable and safest to use. 

In almost all cases where the rate of flow, volume of sand, and all 
other conditions are such that no material damage is done to the 
well casing, cementing job, etc., a burning well that is consuming 
all the oil and gas produced is, in itself, not a source of much danger. 
For example, a wild well has been burning continuously for several 
years in Rumania and is no more a source of danger now than it 
was when first ignited. 

The only real danger from such a fire is to neighbouring wells 
and property, and this danger is present only if gas or oil be 
escaping from them or they are so near the fire that their well 
heads may be damaged by heat. A wild well, from which oil and 
gas are escaping, is a source of much greater danger because of the 
oil in sumps and on the ground for a considerable area around the 
well; if the escaping oil and gas does become ignited, then the 
area of the fire would not be confined to the well, but would spread 
over a wide area, depending upon how long the well had been 
flowing before ignition took place. 

For these reasons the writer believes that the first consideration 
in deciding on the procedure to extinguish a fire should be to 


* Presented before the September 24th-25th, 1931, meeting of the South- 
Western District of the A.P.I, Division of Production, Lufkin, Texas. 
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determine whether or not it is possible to accomplish an extin- 
guishment-control job all in one, and only if this appears to be 
impossible should extinguishment first and control of the wild 
well afterwards be undertaken. 

The Bell and Graddy well at Kilgore, Texas, caught fire on_ 
June 23rd, while being swabbed and cleaned, and is presumed to 
have been ignited from the extremely inflammable escaping gas 
which reached the boilers and flashed back to the well. This 
illustrates the absolute necessity for taking extreme precautions, in 
bringing in or working on wells in the East Texas Fields, to control 
and handle all oil and gas so that they can escape only at a safe 
distance from the well and from all other property, such as tank 
farms, etc. 

The condition of the well head when the fire took place was as 
follows :— 


The 7-in. casing was sitting on the top of the 10-in. surface 
string. On the top of the 7-in. casing was a casing head with two 


Fie. 1. 
CONNECTIONS WHEN FIRE STARTED. 


side outlets fitted with valves, both of which were open. From 
one of these a flow line led to the tanks, but the other had no pipe 
connections. Through the top of the casing head projected 2}-in. 
tubing with a tubing gate and Christmas Tree above it. The oil 
flow was estimated at 16,000 bris. per day, with an estimated gas 
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flow of 6,400,000 cu. ft., based on a gas-oil ratio of 400 cu. ft. per 
barrel. 

Two days after the well caught fire an attempt was made to 
extinguish the fire with 20 quarts of nitroglycerine. This was 
unsuccessful, but the Christmas Tree was blown off, leaving the 
damaged tubing gate from which flames shot up at an angle. The 
gates on the side outlets of the tubing head were also damaged and 
the flow line was blown off. 

A successful attempt was made to shoot off the tubing gate with 
a machine gun, and thereafter the flame from the tubing shot 


Fie. 2. 


CONNECTIONS AFTER CHRISTMAS TREE AND FLOW LINES BLOWN OFF 
AND TUBING GATE SHOT OFF. 


straight up into the air and flames shot out horizontally for a 
considerable distance from the two opposite side outlets on the 
tubing head. 

The Gulf and Shell Companies, who owned the offset wells, were 
then requested by the owners of the Bell and Graddy well to assist 
them in extinguishing the fire. The well was on low ground, very 
close to the tanks of offset wells; a nearby creek was a possible 
source of danger from flowing oil and presented difficulties in 
damming or levee work should such become necessary, and even if 
dams should be built, a heavy rain might destroy them. After 


_ considering all items it was decided to extinguish the fire and kill 


or control it in one operation, rather than assume the risks attendant 
upon controlling a wild well after the fire was extinguished. 
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Among other schemes considered was one practically identical 
to that used a short time later to control the Vitex well, viz., to 
insert a swing pipe and nozzle into the tubing, using a gasoline 
powered shovel, and force water or mud or both down the tubing 
until it should come up around the tubing and extinguish the flames 
on the side openings of the tubing head, and at the same time 
probably kill the well. It was finally decided, in the case of the 
Bell and Graddy well, to use the tunnelling method, which it was 
considered offered more safety for the crews and permitted the 
installation of connections having greater volume capacity for 
mud and water. 

The well was situated near the base of a knoll or ridge, behind 
which ran a creek bed, and fortunately the knoll was on the wind- 
ward side of prevailing winds, all of which gave considerable 
natural protection for a close approach to the fire. Supplementing 
this natural protection, a sheet metal screen was erected above the 
point where the entrance for the tunnel was located. On June 28th, 
five days after the fire started, work on the tunnel was begun at 
a point 175 ft. from the well head. The tunnel was started by 
regular lease crews, who were later replaced by a crew of professional 
miners from the Oklahoma coal fields. The tunnel, 6 ft. high 
by 4ft. wide, was driven downwards at a slight angle, and on 
July 15th it reached the well casing at a point about 25 ft. below 
the surface. 

In order to keep the air in the tunnel fresh and also remove any 
gas that might be encountered, a large Buffalo Blower, driven by 
an electric motor, was installed at the mouth of the tunnel, fresh 
air being conducted into the tunnel through a canvas pipe 10 in. 
in diameter which was attached to the roof of the tunnel and which 
was lengthened as the tunnel proceeded. 

A pneumatic pavement drill with digging spade was used to 
speed up the work, air being furnished by a portable compressor 
outfit. As the tunnel proceeded electric lights were strung at 
intervals and safety extension cords and lamps were used to light 
the working face. 

Seepage water was encountered after proceeding a short distance. 
At first this was kept out of the workings by a hand pump with 
fire-hose discharge pipe, but later, as the quantity increased, it 
became necessary to install a small steam pump operated by 
compressed air. The pump was moved forward as work proceeded 
and kept close to the working face. The tunnel was heavily 
timbered and lined to prevent collapse. Every move was always 
fully considered and discussed before being carried out, and every: - 
one was made thoroughly conversant with the plans. Speed of 
doing the work was subordinated to safety. and everything possible 
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was done to provide against an accident. The work was completed 
with but one slight accident, when one of the miners was hit by a 
falling stone; there were also two cases of heat prostration. 
When the casing was reached, digging was continued until half 
the diameter of the 10-in. surface string was exposed. It was 
seen that this pipe was surrounded with 3 or 4 ins. of packed sand, 
etc., which had settled down round it from the surface. Several 
things now had to be taken into consideration. The mouth of the 
10-in. casing was open at surface with the 7-in. string supported on 
it by a set of casing clamps and holding tension in the 7-in. The 
space between the 7- and 10-in. strings might be full of mud, baked 
hard by the heat transmitted down the casing from the surface. It 
might be open and, if tapped, hot oil might come down from 


CASING DRILLING EQUIPMENT. 


surface. It might be full of water from some of the artesian water 
sands which had broken in and washed out the mud. Was there 
any danger of the sand, etc., packed around the outside of the 
surface string caving down—it was only about 25 ft. to the surface 
—and allowing hot or burning oil to get into the tunnel? Some 
signs of steam had been seen near the base of the fire, but as the 
well was not drilled into the lower sand, where there might have 
been water, it was thought the most probable source of the water 
was from an artesian sand outside the 7-in., and that it had washed 
out the mud or had channelled up through it and was escaping 
from the 10-in. casing into the base of the fire. 

First a 6 in. by 8 in. nipple was electrically welded to the 10-in. 
casing and a gate valve installed, having a nipple and flange on its 
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outer end. To this was bolted a special “Y” branch, having 
flanges on the run and threads on the branch. To this was bolted 
the drilling assembly, having a stuffing box and gland through 
which projected a spindle having a }-in. twist drill upon which 
was threaded a washer sufficiently far back from the cutting edge 
to allow the drill to completely penetrate the 10-in. casing, but not 
pass on to the 7-in. casing. After drilling a }-in. hole through the 
10-in. casing, the drill was withdrawn beyond the gate; the gate 
was then closed and the drilling equipment removed. The gate 
was cautiously opened and hot water ran out in a diminishing 


TUNNEL 


SURFACE PIPE CONNECTIONS IN TUNNEL. 


stream until the flow practically ceased, thus indicating that the 
space between the two casings up to the surface had been emptied. 
It had been noticed that great piles of coke had formed around the 
well head, and so it was considered that entrance from the surface 
was well choked up and there was no danger of a downflow of hot 
or burning oil.4 The }-in. drill was replaced by a hollow milling tool, 
and the drilling equipment was then bolted in place on the run of 
the “ Y” fitting. The mill carried a blind pilot in the centre to 
fit into the }-in. pilot hole already drilled in the 10-in. casing. A 
5¥q-in. disc was then cut out of the casing and withdrawn with the 
mill. 
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A 6-in. line led from the “ Y ” branch, out through the tunnel, 
and was connected to the flow tanks of an offset well. Into this 
line was also connected a line from the mud pumps at the offset 
well. As a precautionary measure 100 sacks of cement were 
pumped in between the 10-in. and 7-in. strings to prevent fluid of 
any kind coming down from above or up from below. While the 
cement was setting, the tunnel chamber was excavated completely 
around the casing. To tap on to the 7-in. casing two methods had 
been considered, either saddle and clamp or direct electric welding 
of nipples. Special all-steel forged and machined steel saddles 
with 6-in. nipples screwed and welded in were made, installed on a 
piece of 7-in. pipe and tested under 750 lbs. pressure. 


Fie. 5. 
CASING CONNECTIONS IN TUNNEL. 


It was intended to use these, in preference to welding on nipples, 
as being a safer method. When it came to the final decision, 
electric welded nipples were used. If the clamps and saddles had 
been used it would have necessitated cutting out a complete 
section of the 10-in. pipe. This would have left the casing above 
the cut-out section entirely unsupported except for the 25 ft. of 
friction between tunnel roof and surface. Presumably the 7-in. 
casing and 2}-in. tubing were supported by clamps upon the 10-in., 
therefore the short 25-ft. length might slide down, causing a cave-in 
and allowing hot or burning oil to enter the tunnel. With the 
welding method it was not necessary to cut out an entire section 
of the 10-in. casing, but only sufficient to allow of the passage of 
the 6-in. nipples and sufficient additional space to permit welding. 
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Under these circumstances the welding method was adopted. 
No gas was present in the tunnel. With an acetylene torch the 
6-in. nipple welded to the 10-in. was cut away along with enough 
of the casing to allow inserting and welding 6-in. nipples on the 
7-in. casing. Cement was then chipped away and the nipple welded 
on. A second nipple was welded on to the 7-in. about two feet 
above the first one. Both nipples were then tested with hydraulic 
pressure to 700 Ibs./sq. in. and found to be tight. Valves and 
drilling connections were then installed in the same fashion as 
when drilling the 10-in. casing. Pilot holes, then 5,-in. holes, 
were cut through the 7-in. casing. To the lower of the two con- 
nections the same pipe connections as were used on the 10-in. 


OF CASING 
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string were connected. To the upper connection was attached an 
apparatus similar to the drilling outfit, with the exception that the 
spindle was square instead of round, and of course so was the 
packing gland. This square shaft was round at one end and 
threaded for a large nut. On the other end was a cylindrical ram 
or plunger very similar to a blow-out-preventer ram, having a 
nose curved to fit snugly against the interior of 7-in. casing and 
with a vertical groove to take 24-in. tubing. 

This ram was pushed forward by the nut on the outer end. 
Measurements showed that it had not gone right back against the 
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casing, and it was thought there was a tubing collar opposite the 
ram, which, being grooved for the tubing, therefore could not go 
over the collar. The ram was withdrawn, the groove widened out 
to take a tubing collar, and again put back. This time it went into 
place. Little change, if any, was noticed in the flames from the 
tubing head side outlets, but as there was a great deal of smoke 
there might have been more change than could be detected. 

Through the lower connection was now “lubricated” cement 
sacks, oakum, asbestos fibre, etc., followed up by water. This had 
no effect, as the material passed right on past the baffle in the 
upper connection. This was apparently due to the high velocity 
of the fluid around the sides of the baffle and to the circular faces 
of the baffle making, with the casing, a Venturi tube effect. The 
baffle was withdrawn and the sides milled off to flat surfaces. The 
sharp edges were then knicked with a chisel and centre punched to 
make sharp wickers to catch the sacks, etc. On putting back the 
baffle, then lubricating in a few Baroid sacks rolled up into cylinders 
and folded over double and following them up with water, an 
immediate shut-off of the flow through the 7-in. casing was effected. 
Pumping of water was then continued, and in a few minutes the 
water reached the bottom of the tubing and, ascending with the 
flow, suddenly extinguished the fire at the tubing and killed the 
well at 10.40 a.m. on July 20th. Casing head connections were 
then renewed. It was found that the nipple of 2}-in. tubing 
projecting above the casing head had been perforated by machine 
gun bullets to within an inch or so off the head, thus leaving too 
little space for a rethreading job. The tubing was, therefore, cut 
off and a solid tap screwed into the tubing as a precaution until 
arrangements could be made to raise the tubing and change the 
top joint. 

This description has been made in detail to illustrate the extreme 
care that must be taken on such jobs and how decisions are derived 
at only after considering every possible situation. It must be 
understood that experiments on work of this character are 
impossible. It must be certain that, as far as is humanly possible, 
the procedure decided on can be carried out successfully. 
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CURRENT PETROLEUM NOTES. 


U.S.A. Asphalt Production —The production and importation of asphalt 
in the U.S.A. in 1930 amounted to about 5 million tons, showing a decrease 
on 1929 of about 11%. This total is made up as follows :— 


Produced. Tons. 
Asphalt from petroleum of domestic origin .. oi .. 2,270,000 
Asphalt from petroleum of foreign origin . -» 1,976,000 
Domestic bituminous rock asphalt (bit. content ca. 10%) -- 664,000 
Domestic Gilsonite . ee és ée 37,000 

Imported. 

Other native and rock asphalts .. ee 14,000 


Of the petroleum asphalt figures 78-4% were solid or semi-solid grades 
and the balance road oils. The paving industry utilised 35% of the total 
petroleum asphalt, the roofing industry 27%, road oils 21-6%, cutbacks 
6-2% and emulsions 0-35%. The remainder was used for miscellaneous 
purposes, waterproofing, briquetting, mineral rubber, pipe coatings, paints 
and lacquers, mastics, moulding compounds (in decreasing order of import- 
ance). 

When compared with 1929 figures, it is seen that paving asphalts show a 
decrease of 13-5%, road oils an increase of 18-8% and cutback asphalts an 
increase of 102%. In spite of the reduction in the total U.S.A. asphalt 
production, the quantity used for road purposes has slightly increased, 
chiefly owing to the increased outlet that has been found for the cheaper 
types of paving construction, in which liquid asphalt is employed. 
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Om Wett CompLteTion anp Opsration. By H. C. George. Norman, 
University of Oklahoma Press, 1931. Pp. 234. $3.00. 


This is described as a publication of work done under a co-operative agree- 
ment between the United States Bureau of Mines and the State of Oklahoma 
the author occupying the post of Director of Petroleum Engineering, 
University of Oklahoma. 

The subject matter covers a wide field, and its presentation is somewhat 
unorthodox in style and arrangement. Instead of a division into chapters in 
the convential way, subjects are merely headed in bold type with subsidiary 
matter, having smaller type as heading, whilst a third class of title sub- 
divides minor questions. 

The publication is essentially a compilation of data collected from many 
published sources, the origin of which is generally given in a footnote, but in 
addition the author has frequéntly sought the views of recognised authorities 
on particular problems and their brief conclusions are incorporated. Only 
very casual references are made to operations outside the United States, and 
the very brief discussion of swabbing and bailing makes no allusion to many 
of the chief reasons which enforced their general employment in fields outside 
the United States. 

Among the subjects treated are oil reservoir rocks, drilling factors bearing — 
on production methods, casifig methods, shooting of oil wells, the influence of 
water, gas and properties of oil in relationship to its recovery. Fifty pages 
are devoted to methods of controlling and handling flowing wells, and another 
sixty pages are descriptive of pumping problems. Oilfield emulsions, 
paraffination and allied troubles, cleaning of wells and fishing, all receive 
attention. The views expressed are those generally accepted by modern oil 
technologists, and there is plenty of useful material for students to digest. 
Although oilfield parlance and jargon are freely introduced and the subject 
matter is clearly presented, there is often that lack of practical touch which 
gives work of this nature so much life. The section on pumping is certainly 
the best part of the book and shows that the writer was at home when dealing 
with that subject. 

A mass of useful data has been accumulated in a single volume of 234 pages, 
but there are noteworthy omissions which seem to indicate that the publi- 
cation was pushed through the press incomplete. Such an important subject 
as air-gas lift is dismissed by a page of comment and some ten references to 
articles dealing with the question. No mention is made of the modern gas 
displacement system of production for deep wells and their automatic 
operation, 

Three pages only are assigned to water flooding, vacuum and repressuring 
of oil sands under the title of ‘“‘ Oil Well Rejuvenation.” Many of the illus- 
trations are distinctly poor and no systematic method has been followed in 
the figures. On the other hand, the excellent clear type makes reading a 
pleasure. A. Bussy Tuompson. 
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Tue Internat ComsBustion By D. R. Pye. Oxford Engineering 
Science Series. Pp. xii. + 250. London: Clarendon Press, 1931. 15s. 


This book is, as its author states in the preface, intended primarily for the 
student, and for the engineer before he has become immersed in the intricacies 
of manufacture. 


It is a treatise to be read carefully from cover to cover; the careless 
reader cannot find summaries from section to section from which he can 
presume a knowledge of its contents by rapid scanning. 

Earlier writers on the subject have shown how far the highest thermal 
efficiency obtained from an actual engine falls short of that to be expected 
were the working fluid a perfect gas. They had, perforce, to refer to the 
possible effects of change of volumetric heat, radiation, dissociation and 
association without being able to estimate the probable influence of these 
with any degree of accuracy. 

The author has collected into one volume much of his own earlier work, 
and the most recent research on the behaviour of the fluids taking part in 
the engine cycle, and has been in the fortunate position of having access to 
a mass of experimental data of a very high order of accuracy from Ricardo 
and others. He is therefore able to show the extent of reduction of efficiency 
below that for a perfect gas which necessarily follows the use of the avail- 
able working media, and to compare the possible theoretical values with 
the best yet reached in practice. 

The factors dealt with and affecting the efficiency of an actual cycle are 
so numerous that it is impossible adequately to mention all in a short space, 
but an indication may be given of their extent. 

The first section of the book treats the cycle in terms of a perfect gas, 
and refers to the most important defects of this method. A method is 
established for correcting the simple assumptions to allow for the departure 
of the fluids used from perfect gases as regards change of volumetric heat 
with temperature. A short section is devoted to the nature of the fuels 
used, and the consideration which must be given to their chemical structure. 
Determination of calorific values, and of the effect of the hydrogen content 
of the fuel, and also its latent heat are studied, together with the necessary 
calculations to allow for dissociation and association during combustion. 


A chapter is devoted to detonation and the mechanism of combustion, 
with reference to the admirable work of Callendar, Egerton and others. 
Comparison of H.U.C.R.’s is included, with experimental determination 
of the effect of a low H.U.C.R. fuel on maximum power output over a range 
of compression ratios. The octane number scale of rating is mentioned in 
a later section. Attention is drawn to the part played by such variables 
as ignition advance, compression ratio, fuel/air ratio and speed on combus- 
tion, and a parallel is drawn with heavy oil engines in respect of the nature 
of combustion. 

This is followed by the study of thermal efficiency, with allowance for all 
the major practical effects, separated so that each can be compared. Mixture 
strength, reduction of load, throttling, size and speed of engine and change 
of volumetric efficiency are examined, and calculated values for efficiencies 
are compared with actual test results. 

The final section is devoted to the testing of engines, and indicates the 
direction which the student’s experiments should take if he is to obtain 
the greatest value from his practical work. 
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If every internal-combustion engine designer were to study this book 
there would be much less loose talk of impossible efficiencies, and impossible 
fuel economies due to dopes and secret mixtures. The prevalence of vague 
ideas regarding engine performance is undoubtedly responsible for a large 
amount of misdirected energy, and the author has done valuable service in 
collecting and marshalling the important facts so that a fairly true picture 
can be obtained of just what is, and is not, possible, at least for the gas and 
the petrol engine. 

The section on fuels would be more up to date were mention made of the 
use of natural-gas gasoline, aromatic extract and other constituents of modern 
motor fuels, and of the fact that most present day spirits are blended before 
distribution so that they have an octane number suited to the needs of 
average engines. In its existing form the impression is given that benzole 
is almost the only important hydrocarbon anti-knock blending agent. 
The value given for the aromatic content of Persian petrol should also be 
altered from 5% to 10%. 

The table of H.U.C.R.’s for the paraffins is liable to mislead anyone ap- 
proaching the subject for the first time. Had pure normal paraffins been 
used for the tests, it would have been found that n-nonane had the lowest 
H.U.C.R., and that there was a steady rise to n-pentane instead of the erratic 
order of H.U.C.R.’s quoted. Edgar's classification of the paraffins would 
have given a still more complete picture. 

While the treatment of gas and petrol engines is thorough, the author is 
not on such firm ground with the heavy oil engine. No mention is made 
of the fact that the delay before combustion of heavy oils varies with the 
type of oil, just as the H.U.C.R. of petrols varies with the type of petrol ; 
in fact it is suggested that the delay for heavy oils is almost constant—a 
statement far from the truth both for different fuels in one engine and for 
the same fuel in different types of engine. 

Were the differing behaviour of heavy oils taken into account it is probable 
that many of the conclusions regarding the limiting conditions for heavy 
oil engines would require modification, and a wider range of experimental 
work must be considered, and many recent developments examined, before 
too much importance is attached to the analysis presented. 

As regards the remainder of the book, it is not too much to say that no 
engine designer or research worker can afford to be ignorant of its contents. 

R. STANSFIELD. 
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Report or THE Fuer Researcu BoarD FoR THE YEAR ENDED 3lst Marcu, 
1931. London: H.M. Stationery Office, 1932. Pp. viii.+ 104. 2s. net. 


An important review of the general economic principles underlying all 
processes for the treatment of coal by low temperature carbonisation. The 
products obtained from this are a smokeless semi-coke suitable for burning 
in the open domestic grate, a yield of gas less than that obtained from the 
high temperature processes, and yields of liquid fuels and tar. It is pointed 
out in the Report that each of these products has to compete directly with 
a material already on the market, and that the economic results possible with 
any given coal and type of plant will depend on local conditions, 

The Director of Fuel Research states that it still appears to him to be 
true as a general statement ‘“ that the receipts from the sale of coke must 
at least cover the cost of the coal used, though it must depend to some extent 
on the receipts obtainable from tar and gas.” 

Low temperature coke amounts to 55-75 per cent. of the coal carbonised. 
As a domestic fuel it is generally more efficient than raw coal, since being 
smokeless more heat is radiated into the room and less lost up the chimney. 
It should demand, therefore, a slightly higher price than raw coal. 

“ The crux of the question of the national development of the new carbon- 
isation industry,” the Report goes on to state, “‘is the price the nation is 
prepared to pay for the reduction of smoke nuisance, while at the same time 
retaining the open domestic fire. .. . The damage and expense incurred 
by the burning of a ton of raw coal in the domestic Hearth has been calculated 
to be 10s. per ton, and if this sum could be included in the balance sheet there 
is little doubt that the production of free-burning cokes would soon become 
a flourishing industry and the benefits to the country would be considerable.” 

“It must be remembered, however, that gas and ordinary gas-works coke 
are both smokeless fuels, the use of which are extending as is the use of 
electricity for many domestic purposes.” 

The Report states that the benefits to the mining industry of a general use 
of low temperature products would not be so great as sometimes claimed. 
“More coal would be mined, which would be an advantage, but the demand 
for household coal would be diminished, and this is the coal which fetches 
the highest prices.” 

The commercial value of the gas obtained from low temperature carbonisa.- 
tion plants depends entirely on the purpose for which it can be used. ‘“‘ Where 
it can be disposed of to a gas undertaking its value will not exceed the cost 
at the retort house ; where no such outlet exists, it will only have the value 
of the cheapest fuel available for the particular purpose for which it is used, 
and this may be as low as 4d. per therm.” 
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The tar yield can be separated into light and heavier oils with a residue of 
pitch which may amount to 50 per cent. The crude tar may be used as a fuel, 
but it is not miscible with petroleum oils, the addition of which produces a 
gummy deposit. The yield of motor spirit obtained by refining processes alone 
is only about three gallons per ton. 

The Report describes the progress made in important experiments on the 
conversion of tar into motor spirits and heavier oils. In one series of experi- 
ments the whole tar yield was treated with hydrogen at high pressures and 
temperatures, while in a second series the lighter fractions were treated with 
hydrogen at atmospheric pressures. In the first series, taking 20 gallons of 
tar as the average yield per ton of coal carbonised, 14 gallons of motor spirit 
were obtained, together with 6 gallons of pitch-free Diesel fuel oil. Some 
experiments have also been carried out on gas-works tar. The results are, 
so far, not as good as with low temperature tar, more hydrogen being used in 
the conversion into motor spirit. 

In view of the extremely low market price for tar at the present time the 
process may be of considerable industrial importance in the future, and 
research on the subject is being actively pursued. The results obtained at the 
Fuel Research Station with a small continuous conversion plant designed for 
a throughput of 3-6 gallons of tar per day show that it will be possible to 
proceed during the coming year with the design and erection of a larger 
plant with every prospect of success. Further research will also be carried 
out on “cracking” treatments for the tars and on the treatment of the 
vapour from the retorts before condensation. The possibilities of the pro- 
duction of road tar and pitch for various purposes will also be examined. 


To provide a supply of tars of known origin for the experiments it is 
proposed to erect at the Fuel Research Station two intermittent vertical 
gas ovens of the latest commercial type. These will be arranged so that it is 
possible to employ a range of carbonisation temperatures between 600° C. 
and 1000° C. (that is, intermediate between those used in current low tem- 
perature carbonisation and in gas retorts). It is thus hoped to find the 
optimum conditions of working in various circumstances. 

The Report reviews the circumstances in which the Gas Light and Coke 
Company came to select the low temperature carbonisation system developed 
at the Fuel Research Station for a full-scale commercial trial at the Richmond 
Gas Works. Various causes led to the cessation of the experiments before, 
in the opinion of the Department and the Mines Department, a conclusive 
result was obtained. One of the principal difficulties encountered was the 
distortion of the metal retorts employed. This distortion resulted in an 
unduly heavy charge for replacements being added to the cost of the working 
of the plant. In view of the very promising results and increased throughput 
recently obtained at the Fuel Research Station with a brick retort, itis proposed 
to erect and work as steadily as possible two new retorts of that type at 
the Station, so as to obtain further data regarding the life and working of 
such retorts. With these retorts it is possible to raise the temperature of 
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carbonisation and to ascertain how far satisfactory free-burning smokeless 
fuel can be produced with the increased throughput made possible by the 
higher temperature. 

In experiments on gas-making processes a most striking result has been 
obtained in connection with the working of horizontal gas retorts. Seven 
million tons of coal are carbonised annually by gas undertakings in such 
retorts. It has been found possible at the Fuel Research Station, by re- 
circulating the gas through the retort setting, to increase the throughput per 
day of the retort by 70 per cent. without increasing the temperature in the 
combustion chamber or materially affecting the quality or quantity of the 
products. This means that by comparatively cheap and minor alterations 
the capital value of existing retorts of this type may be nearly doubled. 
Industrially the flexibility of working which can be. obtained through the 
modifications is even more important than the reductions in capital costs 
and ground space required resulting from the increased throughput. 

The Report also records the progress made in the survey of the national 
coal resources of the country. 
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